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Foreword

It’s been 11 years since I wrote my first book on a Panasonic camcorder.
That first book was called “The DVX Book”, and was a comprehensive guide
to Panasonic’s revolutionary new (at the time) DVX100. In the intervening
decade (plus one), I've written many more books on many more cameras,
and we've seen several more revolutions in camera technology, including
tapeless recording, HD, now 4K/UHD, and large sensors.

Looking back, nearly everything about the original DVX100 is completely
replaced, supplanted, and superseded with the new DVX200. The original,
legendary DVX100 was a 1/3” sensor, standard-def, 4:3 camera that
recorded NTSC video (o, if you had the PAL model, it recorded PAL video)
onto videotape, and cost $3,795 (US) when new. The new DVX200 is
standard-def, high-def, and Ultra High Definition; it has a sensor nearly
16x larger than the DVX100's; it utilizes both 16:9 and (in 4K/24p mode)
17:9 aspect ratios, and records tapelessly onto memory cards, in both
59.94Hz and 50Hz modes, with vastly more features including variable
frame rates, and it sells for a price ($4,695 US) that is actually lower, when
adjusted for inflation, than the original DVX100 cost!

The DVX200 represents a case of “zigging” when the rest of the world is
“zagging” While other camcorder manufacturers keep introducing new
large-sensor interchangeable-lens models, Panasonic is doing something
entirely different -- they've introduced a large-sensor camera that uses
the traditional form factor, controllability, connectivity, and fixed (non-
interchangeable) servo lens operation of a handheld camera. In essence,
theyre re-inventing the handheld 1/3” camcorder, but this time with
a comparatively gigantic Four Thirds sensor. It’s a bold move, a unique
approach, and it makes for a very interesting camera.

This guidebook is not intended as a complete replacement for the user’s
manual. Rather, it is a collection of essays on the cameras, a thorough
examination of their features and settings, and suggestions for how to use
those settings to get the results you're after. There are also explanations on



x

piomaioH

camera fundamentals and shooting fundamentals. To some readers this
may be familiar material; to others, it will hopefully be an enlightening
guide that will help you understand not only this tool, but also the process
of producing images with a video camera, and the ways to get the most
performance from these cameras. This guidebook will occasionally refer
back to the camcorder’s Owner’s Manual since subjects covered adequately
there will not be discussed here. This guidebook will expand upon subjects
that may not have been explained thoroughly enough in the manual, as
well as provide techniques, tips and insight on how to best use the various
features. You may find some technical jargon in these pages, but I've tried
to provide plain-English explanations so that users of all experience levels
will benefit.

“Panasonic”, “DVX200”, “DVX”, “DVX100”, “AG-DVX100”, “AG-DVX100a”, “AG-
DVX100b”, “HVX”, “HVX200”, “AG-HVX200”, “HVX200A”, “AG-HVX2004”, “HPX”,
“HPX170”, “AG-HPX170”, “HPX250”, “HPX300, “HPX370”, DVCPRO, “AVC-Intra’”,
“Varicam”, “VLOG”, “P2HD” and “P2” are registered trademarks of Panasonic Broadcast
and Television Systems Company. “AVCHD” is a registered trademark of Panasonic
Corporation and Sony Corporation. All other referenced trademarks are the property of
their respective owners.
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Frequently
Asked Questions

If you're a new shooter, or new to professional cameras, you may find some
of the topics in this section relevant. Even some shooters with years of
experience behind them, might be new to the Panasonicline of professional
camcorders. There are many differences in the way a professional camcorder
works, as compared to a consumer camera or DSLR. I've collected a series
of frequently-asked questions here, so be sure to check these out before
getting frustrated with your new camera.

What’s that rattling noise?

The first question many new owners ask is “What’s that click?” When a new
owner picks up the camera for the first time, they will usually hear a “click”
or “rattle” when tipping the camera back and forth, like there is something
loose inside the camera. This is completely normal, there’s nothing wrong
with the camera. What youre hearing is an element of the optical image
stabilizing (OIS) system. When the camera is powered on, the OIS system
is energized, and the rattle disappears. This is one of the most frequently
asked questions, so if you were concerned by the “rattle,” have no fear, you're
in very good company! Since this is one of the first questions new users ask,
it seemed only appropriate that it be the first answer in the guide.

Why Does The LCD Keep Going Black?

If there’s one question that comes immediately after “What’s that rattling
noise?”, it’s got to be this: “Why does the LCD keep shutting off?” When
you're new to the camera and first using it, you may notice that the LCD
panel keeps going black. The reason is because the Electronic Viewfinder
(EVF) has an automatic eye sensor, and it automatically switches from the
LCD to the viewfinder any time the sensor thinks that you've put your eye
near the viewfinder. Which would be great, if it only happened when your
eye was actually close to the viewfinder, but the sensor will also detect
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if the camera is too close to your body, or if your arm passes above the
viewfinder it may trigger the sensor. In short, there’s nothing wrong with
your camera, it isn’t broken, it’s just that the eye sensor is being activated.
You can adjust the eye sensor sensitivity level to make it more sensitive
or less sensitive, although do be aware that the factory default is to ship
it at its least-sensitive setting. I find that the easiest way to cope with the
situation is to tilt the EVF to where it’s pointing straight up; that provides
the fewest opportunities for accidentally triggering the sensor. If you know
for a fact that you will not be using the EVF, you can always select the
OUTPUT SETUP->LCD/EVFE OUTPUT->LCD function, which will
enable only the LCD panel.

Where Did My Clips Go?

After shooting some clips and experimenting with the various recording
modes, new shooters frequently toggle over to playback mode and find that
many of their clips aren’t shown. Where did they go? Are they lost? Did
they fail to record? Is there something wrong with your SD cards?

No, none of the above, and there’s no reason to panic. What’s happening
is a byproduct of the camera having multiple different recording modes
available. In playback mode, the camera doesn’t automatically switch
modes, so it will only play back clips that were shot in the same mode as
it’s currently set in. What this means is, if you shoot some clips in MOV
format, and some more clips in MP4 mode, and another couple of clips in
AVCHD, and then you go to the thumbnail screen to play them back, the
only clips you'll be able to play back will be the AVCHD clips you just shot!
The MOV and MP4 clips won'’t even show up. Now, there’s nothing wrong
with the other clips, but the camera was last set in AVCHD mode, so that’s
the only mode of clip that’s available for playback.

Resolving this is really very simple; just change the playback format to
match the clips you want to play. Press the movie camera icon in the upper
left of the thumbnail screen and choose MOV or MP4; then you also have
to choose what frame rate and resolution you shot in. If you shot some clips
in UHD and some others in FHD, you can’t view them all together, you have
to pick which ones you want to see and change the playback mode for each
recording mode. (And no, before you get your hopes dashed, the “VIEW
ALL’ doesn’t mean it will view all the modes, it means that you're viewing
all dates that clips were shot on. You still have to individually choose the
different recording modes.)
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Furthermore, if you shot some clips in 60Hz, and other clips in 50Hz,
you’ll have to go back to camera mode to change the SYSTEM FREQ to the
compatible setting for the clips you want to view.

Sounds like a hassle, but in reality it’s not a big deal. Usually you only change
recording modes when you're experimenting, but once you settle down to
shoot a particular project, you'll usually pick one recording mode for the
entire project, so the mode-changing issue becomes largely irrelevant in
actual practice. Just remember that if you can't see a clip’s thumbnail, that
just means you need to change the playback format before being able to
play the clip back.

Why Can’t | Connect The Camera To

My Computer?

The camera includes a USB 3.0 DEVICE port, and can be connected to any
computer that has USB 3.0 (or USB 2.0) ports. The reasons for computer
connectivity problems usually come down to one of these simple issues:

A) Trying to connect to a USB 1.1 port — don’t do that, make sure your
computer’s port is USB 2.0 or USB 3.0.

B) Trying to connect through a USB hub. Don’t do that, connect directly
into your computer’s port.

C) Trying to connect to the camera’s USB HOST port. Don’t do that, that’s
for connecting a hard drive directly. Use the USB Device port.

D) Trying to use a USB 2.0 cable instead of the necessary USB 3.0 cable. A
USB 2.0 cable won't fit in the camera, you need to use USB 3.0. However, a
USB 3.0 cable from the camera will fit and will work in a computer’s USB
2.0 port.

When you have the camera connected to the computer, it will automatically
detect the attached computer and offer a menu choice of connecting to a
PC or a RECORDER. Choose “PC” and you should now be able to read the
camera’s SD cards on your computer.

Alternatively, you don’t really need to use the camera connected to the
computer, you can just remove the memory card and plug it directly into
an SDXC-compatible card reader. These are available at computer stores
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for very little money; just try to get one that is compatible with the new
SDXC cards. Older readers would work only with SD cards, but not with the
newer SDHC or SDXC cards. You want to make sure any reader you buy is
compatible with SDXC cards in addition to SDHC cards.

There’s no functional difference between reading the memory card via the
camera through USB, or putting the card in a USB 3.0-compatible card
reader (except that the camera treats all the memory cards as read-only;
you cannot copy files to a memory card or delete files off a memory card
when you're using the camera as the card reader.) Also, many modern
laptop computers now include SDXC-compatible card slots, so you could
put the card directly in the computer, but, again, be sure the card slot is
compatible with your card (SDHC or SDXC) and not just the older SD-only
card slot.

Do be aware, however, that 64GB SDXC cards use the exFAT file system,
and older versions of computer operating systems may not support exFAT.
Make sure your operating system is up to date and can support exFAT, or
stick to using cards that are 32GB or smaller (those use FAT32, which is
widely supported by computer operating systems).

Why won’t my Mac program (Final Cut Pro, Final
Cut Express, or iMovie) import the footage?

Some version of Macintosh software really will only want to work with files
that have been recorded in the MOV format. If you've recorded in AVCHD
or .MP4 formats, you may have to Log & Transfer the footage, converting
it into Apple’s ProRes codec (or Apple Intermediate Codec) before your Mac
will let you work with the footage.

Additionally, be aware that at least some versions of Apple’s iMovie
software simply won't work with 24P footage at all, of any type. There’s
no easy answer for that, other than to use different software to edit your
24P footage.

Regarding 4K or UHD footage, most modern Non-Linear Editing (NLE)
programs should be able to work with the footage. If youre having issues, check
with the manufacturer of your software — it’s possible that you may need to
upgrade to the latest version to be able to work with 4K or UHD footage.
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How can | view the footage on my computer?
Generally, a multi-purpose file playing program should be able to
handle playing back the footage; for .MOV files you may want to use
Apple’s Quicktime Player; for MP4 files you may want to use something
like VLC Player.

Do be aware, however, that playing 4K or UHD footage can be extremely
processor-intensive, and may benefit greatly from a modern graphics card.
Which means — it’s possible that your computer just may not be powerful
enough to properly play 4K or UHD footage. Furthermore, unless you have
a very modern monitor that’s capable of 4K (or UHD) resolution, you may
not be able to see the full detail and quality of the footage on your computer.
There’s no solution for that other than to try to play the footage back on a
system that’s fast enough to properly display it, and on a monitor that’s
large-enough and high-enough resolution to properly display the footage.
On smaller or lower-resolution monitors, your video playback software can
be configured to “full-screen” mode, in which it will automatically re-size
(or “scale”) the footage to fit the resolution of your screen. That will enable
you to watch the footage, but not at 100% quality.

What is the red light on the front of the camera,

and why is it on? Or, why is it not on?
That’s the Rec Lamp or “Tally Lamp” which lets you know if the camera is
currently recording. You can turn it on or off, whichever you prefer. See

Rec Lam for more information.

Can | use this camera for live streaming
(to the internet, or to a computer)?

You cannot just plug the camera into a computer via USB and expect it to
stream video. These cameras aren’t webcams, by themselves. However, if
you want to stream video to your computer or to the internet, it can still
be done, but you'll need to buy a separate video capture device to allow
that. There are many of these types of devices on the market, what you're
looking for is something that will input video (either composite video, or
HD-SDI or 3G-SDI digital video, HDMI) and convert it to digital video on
your computer. Example products may include an internal capture board
such as the BlackMagic Intensity Pro, or a USB-connected external device
such as the Pinnacle Studio USB MovieBox. You'll also need web-streaming
software, such as BroadCam Live Video Streaming Software. It’s not a
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one-step solution like a webcam, you'll have to research the software and
hardware combination to find something that does what you want, and
works on the computer platform you have.

Why Don’t Some Of The Menu Items Work?
Occasionally you'll find menu items that are grayed out — usually
menu items like VER, or PRE-REC, or VIDEO OUT OSD. And it can be
frustrating to see those disabled menu items and not know why they’re
disabled, or how you can re-enable them. I put a section in the book
specifically addressing why menu items get disabled, which ones get
disabled, and what you'd have to change to re-enable them. Look up the
Disabled Menu Itemd article.

Also, there are some functions that are only possible when the camera is
in HD mode, and are disabled when in UHD or 4K (examples include the
5-axis image stabilizer, or variable frame rates). Again, see the “Disabled
Menu Items” article for more information.

Why Does My SD Card Show Up In The Camera
As “Incompatible Data”?

Well, assuming that there’s nothing wrong with your memory card(!),
there’s likely no need to panic. The DVX200 series are “world” cameras;
each camera has the ability to shoot 50Hz or 59.94Hz footage. However, the
AVCHD recording system specifies that only one type (50Hz or 59.94Hz)
can be recorded on each card. A memory card formatted by a camera set to
59.94Hz, cannot be used to record AVCHD clips (or play back AVCHD clips)
in a camera set to 50Hz mode (and vice versa). If you’re encountering a card
where it’s telling you it’s an incompatible format, check your System Freq
menu setting, and make sure that you're operating in the mode you should
be in, for that card.

This restriction doesn’t apply to .MP4 or .MOV clips; you can freely mix
50Hz and 59.94Hz MP4 and MOV clips on a memory card regardless of
how that memory card was formatted. The 50Hz-only or 59.94Hz-only
restrictions apply only to AVCHD clips.

Why Can’t | Record Onto My Memory Card?

The camera is capable of many different bitrates, depending on the
recording mode you select. Memory cards come in a variety of specifications
and speeds that they can support. If your memory card is too slow — then
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the camera just won't be able to record your chosen recording format onto
that card. To use that memory card, you may have to drop your recording
format down to a lower-bitrate mode.

In general, you can use a Class 6 SD card only for recording AVCHD. You can
use a Class 10 card to record AVCHD and 50-megabit FHD only. If you want
to record the higher-bitrate modes (FHD 100M, FHD ALL-I 200M, or any
version of UHD or 4K) you're going to need a UHS-3 memory card. Don'’t
be fooled by advertising of how many kbits or megabits a card can write
(such as “45MB/s” or “300x”); those specifications are not what matters to
the camera. The only thing that matters is the minimum sustained write
speed, which is specified by either a Class 6 or Class 10 designation, or by
the Ultra High Speed designation. UHS-1 cards won’t work for the highest-
bitrate recording modes, you need UHS-3 or MicroP2 cards for those.

Finally, if you've met the other criterialisted above, verify that your memory
card works. Sometimes memory cards go bad, so you'll want to test to see
if your memory card is working properly. Try putting it in another camera,
or in a computer, to see if the card is recognized. On that note, always
buy and use the best brand-name cards you can get; it’s true that you can
usually use cheaper memory cards, but the old adage “you get what you pay
for” still applies, so always use the very best memory cards you can afford.
And don'’t be ripped off by counterfeit memory cards! If you're shopping on
auction sites or through less-than-reputable resellers, there is a very real
prospect of receiving counterfeit (“knockoff”) cards. Stick with reputable
resellers who are factory-authorized dealers for the memory cards you're
shopping for.

Why did the camera split my footage up into
multiple clips?

If you record one long continuous clip, you may find that on the memory
card there are actually multiple clips. Generally this happens most often
when using SD or SDHC cards (instead of SDXC cards). The reason for thisis
because SDHC memory cards use the FAT32 file system, and the maximum
file size on an SDHC memory card is 4 gigabytes. One way to minimize this
issue is to always use SDXC memory cards; they use the exFAT file system,
and can record files up to 48 gigabytes in length.

On the SDHC card, FAT32 has a maximum file size of 4 gigabytes, and
4 gigabytes can accomodate about 20 minutes of AVCHD PH footage, or
around 2 to 4 minutes of 4K or UHD footage. So if you're shooting UHD
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24P and recording on an SDHC card for 6 minutes, what happens? Well, the
camera knows to automatically split the recording into two files, close off
the first file at the 4gb file limit and continue recording into the second file.

(When recording AVCHD, the camera will also create “pointers” for the two
clips, so that each section of the clip “knows” that it is only part of a larger
master clip and it will know what clip follows it, and what clip precedes it.)

For AVCHD, all of this is done automatically and seamlessly behind the
scenes. When you view the AVCHD clip in-camera it will look as if there’s
only one clip on the card, because, essentially, there is only one clip (it just
happens to be made up of several pieces, but inherently it’s all intended
to be treated as one continuous clip). If you use an NLE that is properly
AVCHD-aware, it will know how to properly reassemble all the pieces into
one contiguous clip, seamlessly and effortlessly. If your software doesn’t
recognize the attached nature of the clips, then you’ll have to manually
copy over all the pieces, and string them together end-to-end on your
timeline. Note that some earlier versions of NLE software didn’t know
how to do this seamlessly, and would introduce small gaps between the
pieces of a clip. That is a software error, not a footage problem! The camera
records all the footage seamlessly. If your NLE software can’t display it
seamlessly, look into upgrades or fixes for your software; as of the time
of this writing most if not all major NLEs can now seamlessly handle
spanned AVCHD clips.

If you're recording UHD or FHD footage in MP4 or MOV file formats
onto an SDHC card, you can expect that the camera will also make
individual files at the 4gb limit (on SDHC cards) or at the 48gb limit
(on SDXC cards). However, unlike AVCHD recordings, the camera will
display each and every one of those MOV or MP4 clips with individual
thumbnails, and they will import into your NLE as individual clips; you'll
have to manually align them end-to-end on your NLE timeline. As a best
practice, when recording MOV or MP4, it’s best to stick to SDXC cards
(capacity of 64 gigabytes or larger) instead of SDHC cards. SDXC cards
have the much larger 48gb maximum file size and, accordingly, you'll be
able to accomodate many reasonably long recordings without the camera
needing to split long recordings up into multiple files. And even when
it does need to split into multiple files, it should be comparatively few
files, versus the many files that may be created when using an SDHC
card. When recording (for example) 90 gigabytes of data, an SDXC card
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will do so while creating just two files (one 48GB, the other about 42GB).
An SDHC card, on the other hand, will make about 23 files, all of them
(except the last one) being 4GB in size.

Asyoucansee, you'llhave amuch easier time dealing with long recordings
if you use SDXC cards instead of SDHC for recording MOV or MP4 files.
For AVCHD, it doesn’t matter what type of card you use, it will always
split files at 4GB file sizes. But, it’s less of an issue for AVCHD because
the bitrate is so much smaller, so you can record longer per gigabyte, and
AVCHD includes file pointers that let you treat even a very long, many-
part recording as one clip.

Why won’t the exposure change when | adjust
the iris?

Even if the camera is in manual iris mode, sometimes changing the iris
won't result in the actual exposure changing. Why? Because the camera has
other methods of maintaining or setting automatic exposure, and if those
are active, they may cancel out your iris changing. Watch out for automatic
gain control, and automatic shutter control. Typically the shutter is the
culprit; if you don't see the shutter speed actively displayed (i.e., “1/60” in
the lower right of the screen) then there’s a very good chance the shutter is
in automatic mode! When the shutter is in auto, it will change on its own,
without your guidance and perhaps without your approval.

To get the shutter back in manual mode, press the SHUTTER button.

To get the gain back in manual mode, ensure that the AUTO/MANU switch
isin “manual”, and check the settings for the Gain Switch: if any of the gain
switch’s positions are set to AGC, and the gain switch is set to that position,
then the camera will be operating in automatic gain mode. Either change
the gain switch’s settings, or change the values assigned to the gain switch
to eliminate the possibility of automatic gain.

For true manual exposure, you have to ensure that automatic gain and
automatic shutter and automatic iris are all disabled, and that all of those
functions are instead operating in manual mode.
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Articles

Some of the articles in this section are going to be really basic, and some
will be more advanced. It’s impossible to know the experience level of the
reader, so I've taken the tactic of explaining things from the beginning,
Even if youre an experienced shooter, you may find some nuggets of
knowledge in these pages.

Understanding Exposure

Perhaps the primary ingredient in getting good-looking video is to get a
proper exposure. In this section we're going to cover the ins and outs of the
exposure system and talk about all the various ways that you can control
the exposure in the camera, as well as attempt to define what qualifies asa
“good exposure” and how you know when you've got it!

To understand exposure, we have to really narrow it down to a couple
of very key concepts — we're talking about how much light falls onto the
camera’s sensor, and for how long. Both elements (the amount of light,
and the duration) when taken together, result in the total quantity of light
hitting the camera’s chips. The art of getting a proper exposure is to control
that amount of light so that you don’t get too much, and you don’t starve
the camera either, you need to get the amount of light “just right” and,
when you do, the camera can work magic.

If you starve the camera of light, the results will be unpleasant. You'll get a
noisy, grainy, muddy, flat, ugly mess of a picture. How do you avoid that and
get beautiful results? Feed the camera enough light.

If you give it too much light, the results will also be unpleasant. You'll have
harsh, blown-out, ugly images. How do you avoid that and get beautiful
results? Again, the key is to control the light and make sure that the right
amount gets through — not too much, and certainly not too little.
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There are three primary ways we as shooters control the amount of light
entering the camera. The first, and most important, is the lens aperture
(or “iris”). The aperture is a variable-sized hole in the lens, which the light
flows through. The bigger the hole, the more light gets let in. The smaller
the hole, the less light gets through. The size of the aperture is known as
its f-stop; the smaller the number (such as f/2.0) the bigger the hole and
the more light comes through it; the larger the number (such as £/11) the
smaller the hole and the more light it stops from coming through.

The second way we control the amount of light is through the shutter speed.
The shutter speed controls the amount of time that light is allowed to enter
the lens; the longer the time, the more light gets through, and the shorter
the time, the less light gets through. However, while the shutter is capable
of helping us control the flow of light, it’s not really something you want
to be using for that purpose, because the shutter speed also affects the
way motion is captured. Typically a video shooter will use the iris/aperture
to control the amount of light, and they’ll leave the shutter speed alone
(unless the shooter has a very specific need and a thorough understanding
of what the side effects of changing the shutter speed will be!)

The third way of controlling the amount of light is through Neutral Density
(ND) filters. ND filters are like “sunglasses” for your camera. They darken
the incoming light, with no side effects (no color shifts, no polarization,
etc). ND filters are used in bright conditions (sunny day exteriors) and are
usually not necessary in darker or indoor conditions. The DVX200 has
three built-in ND filters, allowing the user to select from various levels of
light-cutting capability. You can also get additional external ND filters that
attach to the front of the lens (by screwing into the lens threads) or in an
external filter holder (such as a matte box).

Automatic or Manual Exposure?

Now that you know the basics of how to control the amount of light entering
the camera, the next major question is: how much is enough? What’s the
right amount, and how do you know?

There are primarily two ways to judge, either automatically or manually.
The camera has the ability to automatically control the iris and the shutter,
and it will judge how much light is necessary and open up or close down the
iris to the appropriate size; it can also select a faster shutter speed if it can’t
choose proper exposure by iris alone. The camera will also advise you when
it’s reached its limits and when you should consider changing the ND filter
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position (i.e., if the image is too bright and the system can’t compensate,
it will start flashing a message such as “ND 1/4” or “ND 1/64”, which is
basically asking you to please adjust the ND filter switch position so that
the system can more effectively control the incoming light).

You also have a couple of ways that you can influence the automatic
exposure system, such as assigning [SPOTLIGHT| or BACKLIGHT]|
compensation to a |[JSER buttor]; engaging these functions will cause
the automatic exposure system to open up or close down the iris by a
set amount. Or, you can get even finer control by using the

EVEL Jmenu setting in the SCENE FILE mend.

Automatic exposure can work well in some circumstances, and it’s
certainly handy to be able to turn over the task of exposure to the camera
so that it frees you up to concentrate on other things, but rarely does the
best video come from automatic exposure. Professionals frequently (if not
exclusively) rely on manual exposure control, for many reasons. Manual
exposure control lets you decide what’s the most important element in the
scene to expose for, and it keeps the exposure from changing in the middle
of a shot (something that can happen during auto-exposure).

Manual exposure is the professional way to control the camera’s exposure
system. The camera gives you complete control over shutter speed, iris
setting, gain/ISO, and ND filtration.

How do you know how much exposure you’re getting?
The key to getting proper manual exposure is to know how much light the
chips are receiving, and to know if it’s too little, too much, or just right.
And the way you know this is by using a wide variety of monitoring tools,
including:

I 1. the LCD monitor

I 2. the Zebras

I 3. the Marker

I 4. the Waveform monitor

N 5. the Histogram

I 6. an external monitor

I 7. relying on the auto-exposure system to tell you

Learning how these monitoring tools work will greatly improve the overall
look and quality of the video your camera generates. Let’s start with the
LCD monitor.
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Using the LCD Monitor to Judge Exposure

This is probably far and away the most common way that shooters,
especially new shooters, use to judge exposure. It is also a terrible way to
judge exposure! Seriously, it’s a bad, bad idea to just look at the LCD and say
“yep, hey, that looks good, let’s shoot it.” There are many reasons why, and
I'll go into some of them, but please trust me when I say that you simply
must not rely on just looking at the LCD, you have to learn how the other
tools work and USE THEM.

Okay, so why is just looking at the LCD a bad idea? I mean, if it looks good
there, it looks good, right? Well, no. Not necessarily. Because the LCD
monitor isn't an absolute reference point, it’s subjective, and it can be
influenced by a lot of things, including the lighting conditions you're in (a
dark room? or broad daylight?) And the LCD is quite reflective; if you're in
a bright environment the reflections can make it look washed-out, which
might adversely affect your opinion of what the exposure actually is.

A second reason judging exposure off the LCD is a terrible idea is, the
backlight setting on the LCD can change the brightness in the LCD by a
huge amount - yet it’s not changing the brightness of the video at all! So if
your LCD is representing the video as brighter than it really is, you could
end up underexposing your video without even realizing it. And if the LCD
is representing the video too dark, you might be tempted to overexpose
the video just to get it to look brighter on the LCD — when in reality, you're
destroying the recorded footage!

So, the moral of the story is: don'’t rely on how the image looks in the LCD
to be the deciding factor on whether you've exposed the image propetly.
The LCD is a relative display, and how it looks is relative to how high you
have the backlight set, it’s relative to what angle you're viewing the LCD at,
and it’s relative to the prevailing lighting conditions (meaning, if youre in
a very bright environment, the LCD is going to look too dark, and if you're
in a dark environment, the LCD might end up looking too bright). So, for
the sake of your footage, don't rely on just looking at the LCD, and instead
learn how to use the more accurate professional monitoring tools built
into your camera. And if you insist on using the LCD, at least set the LCD
Backlight according to the color bars, to have a prayer of it being at least in

the ballpark of accurate. See for more info.

The LCD is handy, if not terribly informative. But there are many highly
accurate professional measuring tools included for exposure too.
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The IRE Scale - How to Know How Bright “Bright” Is

When we talk about professional monitoring tools, were going to be
talking about devices and meters that tell us definitively, objectively, how
bright the video signal is. And the scale that we use is the IRE scale (IRE
being the Institute of Radio Engineers), and on that scale, video brightness
is measured from 0 (pure black) to 109 (clipped white). So as we talk about
video levels, just keep in mind that we're basically talking about percentages,
with about 50 to 55 IRE representing a medium gray, and O to 5 being pretty
much pitch black, and anything over about 100 being pure white. (Note:
these IRE numbers are very different for VLOG-L, which will be discussed in a

separate .

Zebras

The first monitoring tool we're going to talk about are the zebras. Zebras are
an overlay on the video monitor that show up any time an element in your
image is brighter than a predetermined level (and who determines that
level? You do, using the menu settings). Zebras are great because
they let you know instantly, at a glance, what areas of your video might be
too bright. If you set your zebras on 105, then you'd only ever see zebras on
areas that are dangerously near overexposure (with 109 IRE representing
a totally overexposed signal, zebras at 105 would show any portions of the
screen that were at 105, 106, 107, 108, or 109 IRE). If you set your zebras to
80, then a zebra pattern would show up on the screen for any areas that were
brighter than about 80% of maximum (again, on the 0-109 scale). The great
thing about zebras is that they remove the subjective guesswork entirely
from the equation, and they plainly and clearly tell you when something
is brighter than your predetermined threshold. As a general guideline, you
never want to see 105+ zebras anywhere on your screen if you can avoid it
(some things, like the sun or a light bulb in the shot, might be unavoidable,
but you definitely want to avoid it in the sky or on white buildings, etc).
Also, when shooting a fair Caucasian face, you don't really want to see any
higher than about 70 IRE showing up on the face, so if you set your zebras
at 70 IRE and you set exposure on a Caucasian face, you don’t want to see
zebras anywhere other than maybe a little bit on the very brightest areas
(typically the forehead or nose). For darker skin colors you'll need to adjust,
there is no hard and fast rule for other specific skin colors because they
vary in shade so widely.
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Y Get Marker

The Marker goes hand-in-hand with the zebras. Where the zebras will tell
you what areas of the screen are exceeding a certain brightness threshold,
the marker will tell you exactly what brightness is occurring at the center
of your screen. Turn on the marker and a box will show up in the center
of the screen, and a little numeric readout shows up which will tell you
basically the IRE value of what’s being displayed in that central box. Using
the Marker you can tell exactly how bright the brightest patch of skin
is, or how dark the shadowed areas are, etc.

You can also use the function to choose what area of the screen

you want to judge the IRE values in.

Waveform Monitor

The ultimate exposure guide for video is the Waveform monitor (WFM).
This is like a million zebras and markers all combined, it’s almost like a
three-dimensional zebra. The waveform monitor tells you the brightness of
your image not just in a 2-D scale like the zebras, but in the third dimension
by showing relative brightness across the screen, and how many pixels in
each column are at what brightness. Learn to read the waveform monitor
and you'll be able to tell at a glance whether your image is properly exposed,
underexposed, overexposed, clipping, and where any trouble spots are

in the frame. for a detailed introduction to the WEM.

The Histogram

The camera also has the ability to display a histogram, which is a different
type of graph. While the histogram is nowhere near as detailed as the
waveform monitor, it can still be effective in helping you judge proper
exposure. See the Histogram articlg for more information.

Using an External Monitor

Whenever possible, using a proper external production monitor is a great
idea to see what your actual video will look like. Unlike the on-camera LCD,
a propetrly-calibrated external production-quality monitor is a great way
to judge what your image will look like. However, you do have to observe
two restrictions here: 1) the monitor has to actually be a professional
production monitor, and not some cheap portable DVD player or other
non-professional solution, and 2) the monitor has to be properly calibrated
under the prevailing lighting conditions. And an external monitor isn’t
really a substitute for the zebras or (especially) the waveform monitor;
instead it’s the “last line of defense,” meaning that if you've calibrated your
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image properly, youre exposing properly, and everything looks good on the
zebras and the scopes, then it’s time to take a look at the external monitor
to make sure it looks as beautiful as it’s supposed to.

A professional monitor will have controls for calibrating the monitor to
color bars. The camera has the capability to output SMPTE color bars, so
if you have a professional monitor that has a blue-only gun and chroma,
brightness, contrast, and (in NTSC territories) phase controls, you can
configure your monitor to very accurately display the color bars signal.
When the monitor is displaying the color bars absolutely accurately, that’s
when you know it will also display your camera’s picture accurately. And
monitors need to be re-calibrated every time you set them up — every
time you move them to a new location, or every time the prevailing light
changes, you need to calibrate again to the color bars. If you are shooting
outdoors in the sun, you'll have to calibrate the monitor. If you then put
a sunshade over the monitor, you'll have to re-calibrate it. And if you go
indoors, you'll have to calibrate again. Always make sure the monitor is
accurately displaying the color bars before you rely on it to trust that your
video signal is being displayed accurately.

Asking Autoexposure for Help

Lastly, a way to monitor the exposure might be to ask the autoexposure
system what it thinks the exposure should be. You can quickly pop into
autoexposure mode by pressing the Iris Button and let the system judge
the exposure, then switch back to manual mode by pressing the button
again. Autoexposure may not get it exactly right, but it’s frequently pretty
close. For example: a situation when you can use autoexposure to help you
determine proper exposure could include a case of when you're shooting
a wide shot of people, but you want the faces to be accurately exposed. In
that scenario you might zoom all the way in on someone’s face, turn on
the autoexposure, and let it expose for the face. Then, lock the exposure
(by going back to manual mode), zoom out, and compose your shot. Just
be careful when you do so; you have to check to make sure that the rest of
the shot is reasonably exposed (for example, you don’t want the sky to be
terribly blown out, so pop on the waveform monitor or the zebras to check
the sky). If the sky is too bright, you have three choices at that point — either
frame out the sky as much as you can, or stop down the iris (knowing that
you'll be losing some exposure brightness off the faces too), or re-compose
the shot by putting the sun at your back. With the sun at your back, the
sky will be its darkest, and should be the easiest opportunity to control
overexposure. Or, of course, you could always shine more light onto the
faces, but that’s not always an option.
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Learning how to control the exposure, and framing shots so that you've
included only the portions you want (at the proper exposure levels) will
cause the quality of your video to skyrocket. Automatic exposure is of
course the easiest way to go, but it usually results in the worst quality. If you
want great quality you have to do the work yourself, but you'll be rewarded
with more professional-looking, more artistic, and better overall video. In
this article I've given you the basics, but now let’s go into more detail on
each of the exposure systems so you have a thorough understanding of
how exposure works and what your camera can do.

Aperture

As said before, the aperture is the size of the hole that light flows through,
and by controlling the size of that hole, you control the amount of light that
gets through. The size of the aperture is measured in “f-stops.”

F-stops are basically a way to describe the amount of light the iris STOPS
from getting into the lens. In simple terms, f/1 would be admitting as
much light as the lens is possibly capable of (think of it as “f/1” = “f divided
by one”... “t” = the maximum amount of light, so “f” divided by 1 would
still be “f”). F-stops are numbered according to the following sequence: /1,
f/1.4,1/2,£/2.8, £/4, £/5.6, £/8, and {f/11. Each additional f-stop cuts in half
the amount of light admitted by the previous f-stop; £/1.4 admits half as
much light as f/1 does, f/2 admits half as much light as f/1.4, and so on.
F-stop numbers are based off of two base numbers, £/1.0 and f/1.4. Each
new f/stop number is a double of the previous number:

I 1.0+ 14
s 2.0 28
I 4.0+ 5.6
B 8.0+ 11 (rounded down from 11.2)

So if you remember 1.0 and 1.4, you can calculate the rest of the
sequence easily. (Note that of course, the DVX200’s lens cannot open
any more open than £/2.8).

You can think of the f/stop notation as a diameter formula for the lens
iris. Whatever “f” stands for, when expressed in the term of “f/2.0,” would
mean an iris size of “f” divided by 2, which would let in 1/4 as much light as
an “f” divided by 1. Remember, if you want half the light, you’d use f/1.4, so
f/2 actually lets in half of half, or a total of %. Think in terms of a square: if
you cut the length of the sides of a square in half, the new square isn’t half
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the area, it’s actually 1/4 the size of the original: a 4” x 4” square has an area
of 16 sq inches, but cut those sides in half and you get a 2” x 2” square, with
an area of 4 square inches, which is 1/4 the area of the 16 square inches of
the 4x4 square. So to get half as much area, you don’t divide by two, you
need to divide by 1.4 (the square root of 2). If you take the 4” side of the
square and divide that by 1.4, you'd get a square of 2.83” x 2.83”, which has
an area of 8 square inches (2.83 x 2.83 = 8.0). And 8 sq. in. is 1/2 as much
area as the original 4x4 square’s 16 square inches. So to get half as much
light coming in, you need to divide by 1.4 (which is why the first f-stop after
f/1isf/1.4)

Therefore, the numbers you divide “f” by are: 1, 1.4, 2, 2.8, 4, 5.6, 8, 11.
Each successive number lets in half as much light as the previous number.
So if you want to cut in half the amount of light coming into the lens, you’d
“stop down” by one f/stop.

Shutter Speed

The shutter speed is another way to increase or decrease the amount of light
entering the camera. Whereas the aperture is a hole that lets in a certain
amount of light (and the bigger the hole, the more light that comes in), the
shutter is more like a gate — the longer it’s open, the more light gets in, and
when the gate is “shut” the light stops coming in.

Because the shutter speed affects the amount of light coming in, you could
use it to help control exposure. If you cut the shutter duration in half (i.e,,
use 1/120 instead of 1/60) then only half as much light will reach the
sensor. To compensate, you will need to add twice as much light to get
the same level of exposure (or, open up the aperture by one f-stop). If you
double the shutter duration (i.e., 1/24 instead of 1/48) then twice as much
light will get through to the camera’s chip, and your image will be twice as
bright. You'd need only half as much light at 1/24 for the same exposure as
you would need at 1/48.

However, video shooters generally don’t use the shutter speed to control
exposure except in rare circumstances, because there’s a great big side
effect to changing the shutter speed: it affects the motion blur of your shot.
Photographers use the shutter speed all the time to control exposure, but
in video it’s not used nearly as frequently, because changing the shutter
speed will affect the motion blur of anything moving in your shot (and,
because you're shooting video and not stills, that means it'll pretty much
affect everything!)
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In almost all normal circumstances, you’d want to use the default shutter
speeds (1/60 for 60i or 60p, 1/50 for 24p, 25p, 30p, 50i or 50p) for normal-
looking video. Small variations in shutter speed won't affect the look of
your video much (i.e., 1/60 will pretty much look the same as 1/50 or 1/48).
Film cameras use anywhere from 1/43 to 1/60 as a standard, and it all
pretty much looks like film motion, so small variations won’t normally
matter. However, there is one place where it matters very much: when
youre shooting under fluorescent or HMI or stadium lights or other
ballasted light sources! I'll explain why, but before I do, let me just say this
loudly and clearly: if you're shooting under fluorescent lights or HMI lights
(with a magnetic ballast) or sodium-vapor or mercury vapor lights (such
as streetlights or stadium lights), or LED lights on a dimmer, DO NOT
CHANGE THE SHUTTER SPEED. In the 59.94Hz mode, put the shutter
speed on 1/60th and do not change it without a very, very good reason.
(and yes, that does include when shooting 24p!) For 50Hz mode, put the
shutter speed on 1/50th and do not change it without a very good reason.
Changing the shutter speed when shooting under magnetic/ballasted light
sources may cause a noticeable and annoying artifact in your video footage,
where you see orange bands or scrolling waves cycling through your image.

You can usually totally avoid this artifact by simply leaving the shutter
speed at 1/60th (in 59.94Hz territories) or 1/50th (in 50Hz territories).
If youre using high-frequency electronic ballasts (such as Kino Flo™
fluorescent lights or electronic flicker-free HMI lights) then you’ll have
more flexibility with the shutter speed, but even so, you'd only ever want
to change the shutter speed for specific looks. Do be aware that unless you
specifically disable it, the DVX200 can change the shutter speed during
automatic exposure, so keep an eye out for rolling shutter artifacts when
using automatic exposure.

Here are examples of the type of circumstances where you'd want to
use alternate shutter speeds:

1. For a stuttery/choppy action sequence (such as the “Saving Private Ryan”
or “Gladiator” effect): try a fast shutter speed such as 1/250 or 1/500. (of
course, don't try this under fluorescent lights as mentioned above).

2. Overcranking for slow motion: if youre shooting variable frame rates for
slow motion, you should probably change the shutter speed. Try 1/120 for 60p
(ot, for S0Hz users, 1/100 for 50p.) A film camera running at 60 frames per
second would have a shutter speed of about 1/120, so if you're shooting 60fps
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for slow motion, you would normally want to match the shutter speed for film-
style motion blur. This camera makes this easy when shooting different frame
rates; you can set the shutter to Synchro Scan speed and set the Synchro Scan
shutter to 180 degrees, and it will automatically track exposure/blur with your
framerate.

3. Sync’ing with monitors: use the Synchro-scan, or 1/60 in NTSC countries
or 1/50 in PAL countries, to match the camera’s refresh rate with computer
monitors or televisions in the shot to stop the “rolling dark band” syndrome.

4. Special blur effects: the opposite of the “Saving Private Ryan” effect. Use
a slower shutter speed (like 1/24 or slower) to add smear and blur to the
motion in your shot. Shutters as slowas 1/2 second (2 fps with 359.5-degree
shutter) can make for excellent smearing of taillights in a long-exposure
freeway shot, for example.

5. Minimize strobing: If you think there’s too much strobing in your
24P/25P footage, you can try a slower shutter speed to introduce a little
blur into your footage. 1/43 or 1/36 are popular choices, but again, watch
out for fluorescent or HMI or vapor lights.

6. Extreme low light situations: when in 24P mode, using 1/36 instead
of 1/50 will gain you half a stop of low-light performance, and still
look reasonably like film. Using 1/24 will gain you a whole stop of light
performance, but with smearier motion.

7.If you're shooting in a different territory, such as when shooting 59.94Hz
footage under 50hz lights, or 50Hz under 60hz lights, you may have to
adjust the shutter speed to avoid flicker or pulsing. Set it to match the
frequency of the power system where you're at, to have the best chance at
minimizing any conflict with the lighting; you might have to choose 1/100
for a 59.94Hz camera in PAL territories, for example.

8. Freezing water droplets or rain: for specific instances like shooting a
food commercial where someone pours champagne or squeezes a lemon
and you want to show the individual droplets clearly, you might try using a
very short shutter speed (like 1/2000). Typically these shots are done using
strobe lights, but strobe lights generally won’t work with the DVX200 (see
the Partial Exposurd section of the chapter on Rolling Shutter to see
why). Although you probably can’t use strobes with an MOS rolling-shutter
camera, you may be able to get a satisfactory facsimile of the effect by
using a super-fast shutter speed, as long as you aren’t trying to do so under
magnetic fluo/HMI lighting; you’ll need high-frequency electronic ballasts
to pull that off.
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Be aware that when using a shutter speed slower than your frame rate, the
net result will be dropping frames. You cannot have a shutter speed slower
than your frame rate; trying to use 1/30th shutter in 60p mode will result
in duplicated frames, in essence dropping your frame rate to 30p.

Also, when using a slower shutter speed, definitely use a tripod!

Gain (or ISO)

Gain is an electronic amplification of the video signal. In other words,
it artificially makes the picture brighter. While brightness sounds good,
you have to understand that the penalty for making it brighter is that the
picture gets “noisier.” Electronic noise is a byproduct of electronic gain, and
the more gain you apply, the brighter your picture will get, and the noisier
your picture will get. The camera can employ sophisticated noise reduction
that can help compensate, but the tradeoff is that it may result in losing
some of the fine detail in the picture and the colors may become flatter,
softer, and more “washed out”. Generally the best images come when the
ISO is as low as possible, or when using as little gain as possible.

Gain is measured in decibels, or dB. Zero dB means that no gain is applied,
the picture is unmodified and no brightness or noise is added. Every 6 dB of
gain amounts to doubling the brightness of the picture, so 6 dB of gain would
make the picture twice as bright, or the equivalent of 1 f-stop brighter. 12
dB of gain would be twice as bright again (or four times as bright as zero
gain), and 18db is twice as bright as that (for an image that appears to be
eight times as bright as zero gain). You can also assign Super Gain to a User
Button, and get as high as 30dB or even 36dB of gain. 36dB would result in
an image 64 times as bright as 0dB, and you'd better believe there’s lots of
noise and grain at such a high gain setting!

Another thing to understand about Gain is that it can only amplify the
signal that the camera is currently seeing; it cannot add detail that can’t
be currently seen. If you're shooting under low light conditions and need to
employ gain to get the picture bright enough, you should understand that
your video is in all likelihood underexposed, and using gain will artificially
brighten up the picture, but it will not restore detail that wasn’t properly
captured due to the underexposure. Gain is usually used as a “last resort”
— when shooting under dim conditions you should take other measures to
increase the brightness of the scene first, including removing all neutral
density filters, opening up the iris to its maximum opening, perhaps using
a slower shutter speed, and adding light whenever possible.
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Understanding White Balance

Yet another element to understand in videography is the concept of
White Balance. In the simplest explanation, light is not all the same color.
Even though it may look the same to the human eye, the camera sees a
particular light for what it is: reddish, greenish, blueish, etc. Daylight does
not give off the same color as an incandescent light bulb, for example.
Our eyes may automatically compensate, but the camera doesn’t, and it
needs to be told what “white” should be — which is why we have the White
Balance function. Executing a proper White Balance will help the camera
to record colors more accurately.

Light color is measured in degrees Kelvin, in accordance with what color
a hunk of iron will glow when heated to certain temperatures. When
heated to about 3200 degrees Kelvin (or 3200K), the iron will glow an
orangish-red color (which is pretty much how regular household lamps
work: they’re small filaments of metal that are heated until they glow that
orangish-red color). If the iron is heated more, the color will shift towards
the blues, and at 5600K the iron will glow blue-white. These temperatures,
and their corresponding colors, are referred to as “color temperature.” In
general there are two color temperatures you need to be aware of: 3200K
and 5600K. Daylight is typically said to be around 5600K, and tungsten (or
most artificial) lights burn at around 2900K to 3200K.

Proper white balance is vital to accurately record the colors in a scene. To
white-balance the camera, first decide if you want to use one of the existing
presets or if you want to use amanual white balance. The presets are selected
by setting the WHITE BAL switch to PRST, and then toggled by pressing
the AWB button on the front of the camera. The presets are P3200K and
P5600K; they correspond to indoor lighting (3200 Kelvin) and outdoors
(5600 Kelvin). While the presets are perhaps a good starting point, there
are many circumstances where a preset will not deliver the most accurate
color rendition. For example, many incandescent and halogen lamps burn
at color temperatures different from 3200 Kelvin; some may burn aslow as
2700 K. If you're using 2700 K lamps to light your scene, and you have the
white balance set to P3200K, your white walls will not look white, they’ll
look orange-ish. Also, daylight varies tremendously in color temperature,
from around 3000 K during sunrise/sunset to over 10,000 K on an overcast,
cloudy day. So the presets are a good starting point, and good for on-the-
run shooting, but if you have the time to take a manual white balance you
can get more accurate color rendition.
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There are two channels of manual white balance, A and B. Both function
identically. To set a white balance, you need a white card (or other white
object — a sheet of paper, a T-shirt, whatever you have, although the
purer the white the more accurate results you'll get; I highly recommend
getting a DSC Labs CamWhite card.) Place that white card/object into the
light where you intend to be shooting. Don't just hold it up in front of the
camera! You have to move the white card into the light that’s hitting your
desired subject. Ideally you'd have your subject hold a white card up in front
of their face; you need to make sure that the light that your subject is lit
by, is the same light that’s lighting up the white card. Frame up that white
card until it fills the screen (or as close as you can get). Now you're ready
to take a white balance. Set the \WHITE BAL switcH to either A or B,
and press the AWB button; the camera will let you know when the white
balance has been properly set. Any time your lighting conditions change,
you’ll need to re-white balance if you want your colors to continue to be

rendered accurately.

Another white balance option is to use Automatic Tracking White (ATW).
In this mode, the camera will automatically attempt to continually monitor
and change the white balance to what it thinks is correct. To enter ATW
mode, set one of the WHITE BAL switch options to ATW in the SW MODE
menu. For example, you could configure your camera so that PRST = presets,
Aisreserved for manual white balance, and B is set to ATW. Then when you
move the WHITE BAL switch to “B”, the camera will automatically start
tracking white balance by itself, updating as lighting conditions change.

ATW is an automatic function, along the same lines as autofocus and auto-
exposure. For professional shooting situations you may not want to use
ATW very often, but for run ‘n’ gun type situations it may come in handy.
You can program the [ATW response rate to make it faster or slower to
respond to changing lighting conditions).

Note: when changing the white balance switch, it doesn’t immediately force
a hard image change; rather the camera smoothly transitions from the
old white balance setting to the new one (this is called a “shockless” white
balance transition.)

Black Balance

The camera also offers the ability to perform a Black Balance. It’s really
simple, and I recommend you get in the habit of doing it frequently. The
black balance procedure is simpler than the white balance, because black
(unlike white) isn'’t relative. Black is the absence of all light, so it doesn’t
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really matter what the prevailing lighting conditions are. As such, you don’t
have to point the camera at something black, instead the camera takes care
of it for you: when you perform a black balance, the camera shuts its iris,
blocking all light from hitting the sensor. The camera then analyzes the
signal coming off its sensor, and compensates for any noise issues or other
situations which cause the sensor to be delivering anything other than a
pure black signal. The manual recommends doing a black balance whenever
you first turn the camera on, when you change progressive-scan modes,
etc. [ think it’s simple enough and easy enough to do that you might just
want to get into the habit of it; all you have to do is hold down the AWB
button a bit longer. If you release the AWB button right away, the camera
will do only a white balance; if you hold the button down longer it will do
a white balance followed immediately by a black balance (Note: you can’t
black balance if the PREREC function is enabled). If youre noticing a lot
of noise in your footage, that’s another time to do a black balance; black
balancing may have an effect on noise in the darkest regions of your image.

Black Balance frequently.

Focusing

Getting precise focusis not so easy in Ultra-High Definition or 4K; certainly
not as easy as it was in standard-def! In this section we’ll explore focusing
and explain the techniques you need to use to get razor-sharp focus.

First, understand that proper focus is absolutely critical in UHD or 4K.
UHD video means a frame that has four times as many pixels as a high-def
video frame, and as much as 24x as many pixels as a standard-def frame.
Standard-def’s low resolution could mask small focus errors; ultra high-
def’s sharpness will point out focus errors blatantly, each and every time.
You have to get your focus right.

Second, it’s important to acknowledge another fact: it’s impossible to judge
focus properly using only the on-camera LCD. The very best you can do
is get in the ballpark; it’s mathematically impossible to judge focus of an
8-million-pixel image on a 720p display device like the DVX200’s LCD.
No small display is going to be adequate, by itself, to show you true proper
focus; it’s just not possible. You simply must rely on some focusing aids.

Setting focus involves finding the exact spot where the focus is pinpoint-
sharp on your subject. Usually you do this by adjusting the focus ring until
the subject looks as sharp as possible, and then adjusting the ring too far
until it actually starts to go out of focus; then you pull back until it comes
back into focus and keep adjusting until it goes out of focus again, and keep
refining this process and splitting the difference until you get the absolute
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sharpest image. Obviously this technique relies on being able to actually
see the image sharply! And with the LCD and viewfinder not having nearly
enough pixels to render the image sharply, you can’t truly count on this
technique alone.

Fortunately, there are several focus assist methods available to assure
you're getting the best focus possible. Use them all: you're going to find they
all are helpful.

First, there’s the EXPANDed FOCUS ASSIST which magnifies the center
extraction from the frame. The magnified FOCUS ASSIST is a wonderful
option and indispensable for
achieving sharp critical focus.
It shows you much more detail
than the full frame view does.

The EXPAND FOCUS ASSIST is
ideal for setting focus on your
subject, but unfortunately it
is not available when actually
recording. The FOCUS ASSIST
button doeshaveasecond option,
which is colored PEAKING. This
option draws an outline around
objects that are in sharp focus,
in the color of your choosing
(in this example, it’s using red
peaking). The colored peaking
is a great option that works
even while recording. Generally
I highly recommend using both
the EXPAND and the PEAKING
together. It gives you the most
detailed, easily-focusable
focusing aid when lining up your
shot, and it displays the colored
focus during recording,

When using the EXPAND FOCUS ASSIST, you can modify the level of
magnification, and you can move the magnified box around the frame to
check or set focus on different sections of the video frame. You can move it
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by either using the arrow buttons on the touchscreen, or by just dragging
the magnified box around the touchscreen.

The caveat with the PEAKING focus system is that it only functions when
it sees suitable contrast in the scene, and doesn’t work on low-contrast
scenes. In bright light it’s usually very easy to see, but in darker scenes
on flatter subjects, it may be a struggle to see the colored PEAKING at
all. You can make it bolder and more visible by adjusting the
menu option, but that may just make the system more generous
in assessing what it believes is actually in focus; taken too far, it might
report that items are in focus when in fact they might be slightly out. So
the colored PEAKING focus assist is a great tool, and I highly recommend
its use; just be aware that there are some limitations with the system.

Another excellent focus aid is the LCD/EVF DTL system. The LCD/EVE
DTL system works the same as the colored PEAKING focus assist, by
using the high-frequency detail in the image to draw a white outline or
highlight on edges that are in focus. If you don’'t have LCD/EVF DTL on,
the LCD may not look sharp enough to get accurate focus; with EVF DTL
on you'll see when areas of the image start to “snap” into focus. Test it
to familiarize yourself with the look; focus on an object and then turn
EVF DTL on and off, and you'll quickly learn to recognize the look of it,
so you'll know when your image is snapping into sharp focus. LCD/EVE
DTL is also customizable for intensity and frequency, and it even works
in some places where the colored PEAKING doesn’t. But there’s a caveat,
and it’s that any time you invoke the FOCUS ASSIST button, it disables
the LCD/EVF DTL function. You'll have to remember to manually enable
it again every time. [ usually assign this function to USER BUTTON 1, the
one that’s right next to the FOCUS ASSIST button.

Another use of a focus assist tool would be the MF ASSIST function. When
in manual focus, you can employ the MF ASSIST to “touch up” the focus
once youre done manually focusing. You can use manual focus to get it as
close as you possibly can, and when you stop moving the focus ring, the
MF ASSIST function will engage the autofocus system briefly, in a very
limited range, to see if it can optimize the focus point. It won’t continually
autofocus, it'll just “spot check” to see if you've gotten it as sharp as possible.
It then disengages and returns to fully manual focus, until you move the
focus ring again.
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So there are many tools provided to help you get proper focus. If you use
most or all of these tools, your focus is likely going to be perfect. But there’s
another technique that is extremely helpful in gauging proper focus:
narrowing your depth of field. When judging focus it’s obviously much
easier to judge what’s in focus if the depth of field is extremely narrow
(meaning, very little is actually in focus in the shot; when only the part you
want is in focus and everything else is out of focus, it’s obviously easier to
know that you've properly focused your shot). To narrow the depth of field
for checking focus, zoom all the way in to full telephoto mode (Z99) and
open the iris all the way up (OPEN). If the image gets too bright and blown-
out to see what youre looking at clearly, use one of the neutral density
filters, but the important thing is to have the iris OPEN and zoom at Z99
when setting critical focus. That will narrow the depth of field down as
small as it can be, letting you choose exactly where to set your focal point.
Then, before shooting, you'll zoom back out and set your iris to the proper
exposure again.

As you zoom out, the depth of field becomes deeper, which brings more
and more of the frame into focus. And as you stop the iris back down to
the proper exposure, more and more of the frame comes into focus. So if
you can nail the focus with an OPEN iris at Z99, then as you zoom out
and stop down you can be assured that the focus is just getting better and
better, crisper and sharper. Don’t go too far though! F/8 or so is about as
small an aperture as you'd ever want to use when in UHD or 4K mode;
going deeper than /8 (such as to /11 or especially £/16) will make the
image get noticeably softer due to the principle of diffraction. You have a
little more room when shooting in HD; you can easily go to £/11 without
encountering diffraction. Stick between f/2.8 and £/8.0 whenever possible,
(see the Recommended F-Stop Rangd essay for more information).

Another focus assist tool you may want to consider is auto focus; if you can’t
get focus any other way, you can press the “PUSH AUTO” button and the
camera will attempt to quickly lock into focus; as soon as it does, the camera
automatically returns to manual focus. Now, there’s no guarantee that the
focus will be perfectly accurate, however; auto focus may not choose to lock
onto the part of the frame that you prioritize as being most important.
If you have no other way of double-checking your focus, temporary auto
focus is probably better than nothing, but it certainly shouldn’t be your
primary focus assist tool.
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Strobing

When new users shoot 24P/25P mode for the first time, they sometimes just
wave the camera around and then say “hey, wait a minute, what’s all this
strobing?” The motion in their shots appears very “jerky,” and not smooth
at all. For those unaccustomed to shooting film, the look is unfamiliar and
can be unsettling; many times they think that there may be something
wrong with their camera.

There’s nothing wrong with the camera. What’s happening is a perceptual
difference between what the shooter is familiar with (50- or 60-fps video)
and what they’re now using (24-frame or 25-frame video). There’s a very
different look between 24P (or 25P) and traditional video, also known as
60i/60P (or 50i/50p in PAL territories). In 24P, the camera shoots twenty-
four frames every second, like a film camera does. In regular interlaced 60i
video, the camera shoots sixty “half-frames” per second. The difference
is dramatic: the 24p footage looks more like a movie, and 60i video looks
more like a news broadcast. Apart from the interlacing artifacts, 60p video
renders motion the same as 60i does, and 50p renders it the same as 50i
does. 60p/50p have just as much of a “video” look as 60i/50i do.

Shooting at the 24 or 25 fps frame rate can certainly impart a much more
filmic motion to your image. But shooting at a slower frame rate may
exhibit a side effect called “strobing.” Pan the camera, or move it side-to-
side too fast, and you might see choppy, stuttery movement. Strobing
can be unpleasant to watch. It needs to be properly managed. Film runs
at 24 frames per second, and film exhibits the same strobing issues that
24p/25p video cameras do. Fortunately for us, film cinematographers have
been fighting this issue for the last 100 years, and over the years they've
developed some ways to combat the strobing effect. These techniques
include panning the camera slowly; following a stationary subject in the
frame; using a slower shutter speed; and increasing your frame rate.

First, Pan the Camera Slowly

The chart below was inspired by the American Cinematographer’s Manual,
a publication of the American Society of Cinematographers. It’s been
adapted to reflect the focal lengths of the DVX200’s lens, and shows just
how slowly and deliberately you need to move the camera to execute a
smooth 90-degree pan, depending on what focal length you have the lens
set at. (Note, these focal lengths are approximate, depending on whether
you're shooting FHD, UHD, or 4K there may be very slight FOV differences;
FastScan or UHD 60/50P is more telephoto and needs slower panning.)
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Zoom Setting 24P Pan Speed 30P Pan Speed
12.8 mm 9 seconds 7 seconds
16.5 mm 12 seconds 10 seconds
21.5 mm 15 seconds 12 seconds

28 mm 19 seconds 15 seconds
36 mm 25 seconds 20 seconds
45 mm 32 seconds 26 seconds
60 mm 42 seconds 34 seconds
75 mm 55 seconds 44 seconds
100 mm 70 seconds 56 seconds
167 mm 117 seconds 93 seconds

To read that chart properly, if you've set the lens focal length to 21.5mm,
and you want to pan 90 degrees with no juddering or stutter, and you're
shooting 24P, you have to take 15 seconds to execute the pan. If you take
the full 15 seconds, the pan will be glass smooth. These panning speeds
are really slow, but it’s what you need to do if you want smooth motion.
Any faster than that, and smoothness will suffer and strobing will begin.
Those are just the rules. If these charts seem complicated, remember this
general rule of thumb: make sure that an object takes about seven seconds
to cross the screen. That’s for shooting 24P (or 25P). You can go faster if
youre shooting 30P — at 21.5mm, you can pan the 90 degrees in 12 seconds
at 30P and it'll still be smooth. When shooting interlaced (or 50P/60P),
you can pan at any speed with no restrictions, but when shooting slower-
frame-rate footage you have to carefully monitor how fast you pan.

The more you zoom in, the more things change; if youre at maximum
telephoto, things change dramatically: you have to go much, much slower
than if you were shooting at wide-angle. If you want a glass-smooth 90-degree
pan at 167mm, it will take almost two minutes to execute that pan at 24P!

Right now youre probably thinking “that’s outrageous — nobody pans
that slowly!” Those are the panning rates, as established by the combined
experience of the American Society of Cinematographers. Having shot film
for the last 100 years they've figured out the speeds you need to stick to if
you want smooth pans. When people say “pan slower,” they’re not kidding!
Obviously those speeds are very restrictive. If you choose to go faster, you
just need to determine what level of stutter/judder is acceptable to you.
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Fortunately with video you can hook up an external monitor and see
exactly what it looks like (with film, they had to wait until it was developed
and projected, which is why they took the effort to devise the chart in the
first place). Panning quickly enough will eliminate all strobing — a “swish
pan” will be strobe-free. You only really need to worry about strobing in
that “dead zone” between proper panning speed (on the slow side) and
swish-panning (on the fast side).

Second, Follow a Screen-Stationary Object

Another rule to minimize strobing is that you can move the camera much
quicker if you put something stationary (relative to the screen) in the
foreground for the eye to follow. If you're following a person or a car or
some other foreground object, as long as you keep that object relatively
stationary on the screen, you can basically pan as fast as you want. Having
a stationary subject on the screen gives the viewer’s eye something to focus
on other than the strobing background. The background’s strobing just as
much, of course, but the viewer doesn’t notice it because they’re watching
the subject. Once you see how this technique works, you'll start noticing it
all the time in movies and film-shot television shows.

Why does the motion strobe? Usually because there’s an abrupt change
between the frames of the video, and this is more likely to happen the
slower the frame rate youre shooting at. With high-sampling frame rates
(like 60i or 60P) strobing is never an issue. Furthermore, when shooting
for a film-like look, there’s a difference in the way the shutter works. With
film and 24P (and 25P), the camera’s shutter is typically only open for half
the time, but in 50i/60i (or S0P/60P) the shutter is usually always open. In
60p the camera shoots 60 frames per second, and each frame is exposed
for 1/60 of a second, so the camera’s eye is basically always open, always
recording motion. There’s never a time when the camera is “blind” to the
action. But with 24P, the camera captures 24 frames per second, and each
frame is exposed for half that time, or approximately 1/48 of a second. This
means that the camera’s eye is ‘shut’ half the time. This can accentuate the
abruptness of changes between frames. In 60p the shutter is always open,
but in 24P it’s open/closed, open/closed. So the motion “strobes” just like
a strobe light. If you've had the chance to observe motion in a room that’s
lit only by a strobe light, you’ll recognize the choppy, stuttery movement
being discussed (except obviously it’s quite exaggerated in the strobe light
example; however the principle remains the same.)

Film works the same way. Film cameras have a rotating disc “shutter.” The
shutter is an opaque disc with a wedge of it “cut out.” This wedge is where
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the film gets exposed; on film cameras the shutter opening is usually about
half the disc, or (expressed in terms of a 360-degree circle) 180 degrees.

Two examples of film shutters:
180 degrees and 90 degrees.

As film is shot, the shutter rotates, alternately covering-up or revealing the
film frame. When the shutter is closed, the film advances to the next frame,
and then the film gets held stationary while the shutter is open. So film
works on this same principle of “open/closed.” Fully half the time a film
camera is running, it’s “blind” to the action! That’s why motion strobes in
film, and why it also strobes in all 24P cameras.

So, is this strobing a good thing or a bad thing? Obviously it makes motion
more choppy, but if you want your footage to look like film, it’s a necessary
effect. Although some people say that film doesn’t strobe like 24P video
does, I decided to find out. I strapped a 24P DVX100 to a 16mm camera
and mounted them both on a tripod, and shot the exact same scene side-
by-side. When the film footage was transferred to video, I split-screened
the scenes, and was able to conclude that the 24P DVX100 renders motion
exactly the same way 24fps film does. What this means for you is, if you
find the strobing in your footage objectionable, the camera’s not at fault, it’s
doing exactly what it’s supposed to do. You need to adapt your techniques
to follow the American Society of Cinematographer rules for shooting film:
slow down your pans, and follow a subject. Disobey the rules and your footage
will strobe, exactly like film does.

There’s a secondary benefit to panning slower in 24P mode - it helps
control the folling shutter| “skew” effect.

Using a Slower Shutter Speed

Using a longer shutter speed (or larger shutter angle) will induce more
motion blur. Film cameras typically use shutter speeds anywhere between
1/40 and 1/60 of a second (shutter angles of 220 to 150 degrees). Faster
shutter speeds mean sharper footage and perhaps more strobing. Slower
shutter speeds mean more motion blur and slightly less strobing. You can
select a shutter speed as slow as 1/24 in 24P mode, or you could go into the
SYNCHRO SCAN menu and select any shutter speed between 1/24.0 and
1/249.6 (in 25P therangeis 1/25.0 to 1/250.0). The slower the shutter speed,
the more light the camera will let in, and also the blurrier the motion will
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be. Shutter speeds slower than about 1/36 will result in extreme motion
blur and a loss of film-like motion rendition. To keep a realistic simulation
of what film looks like (while getting a little better low-light performance
and a little more motion blur) stick to a speed no slower than about 1/36.0
(240 degrees). The more motion blur you have, the less objectionable the
strobing may be, but too much is too much: at 1/24 you get an artificial
blurry-motion look that definitely doesn’t resemble film motion. If you
have a certain shot in mind which demands a certain panning speed, and
you find the strobing unacceptable at that speed, you can consider using
a slower shutter speed to get the shot while not overwhelming the viewer
with strobing; the trade-off will be that you're getting blurrier video, so be
sure to test the technique on a television to make sure that the blur/strobe
compromise will deliver the look you're after.

Increase the Frame Rate

One last technique to minimize strobing is to increase your frame rate.
Shooting at 30P will get 25% more frames per second, which will mean
less strobing. The faster the frame rate, the less strobing. Shooting your
project in a 30P time base will make it look a little more like video, but
still look sort of film-like. 30P can’t be transferred to film or to European/
Australian/PAL television well, but if you're bothered by the strobing in 24P
you may find 30P more to your liking. In the 60Hz mode you can choose
faster frame rates of 30p or 60p; in the 50Hz camera you can choose the
faster frame rate of 50p. Overcranking (shooting at a faster frame rate and
playing back at a slower frame rate) is perhaps the best way to eliminate
strobing because strobing comes from having too low of a sampling rate;
increasing the sampling rate reduces the appearance of strobing. But you
have to incorporate that overcranked footage into your main program,
and that will mean the overcranked sections will play back in slow motion.
Conform your overcranked footage to play back at your project’s normal
frame rate (either 24p or 25p); for 30P footage, play it back at 80% of its
speed to match 24p; for 50p footage play it back at 50% speed to match 25p,
and for 60p footage play it back at 40% speed to match 24p.

Or, you can always shoot in interlaced mode at 50i/60i or progressive
at 50P/60P and completely eliminate all strobing, but your shots will
look completely like live video instead of film. The choice is yours, but
unfortunately you can’t have it all: if you want the film look, you have to
work to control the strobing, and if you shoot in interlace mode you don’t
have to even worry about strobing at all, but the footage will look like video
instead of film. Some people have tried to shoot in interlaced mode and
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then use aftermarket film-look plug-ins that convert interlaced footage
into a simulation of 24P, and find to their dismay that yes, their footage
starts strobing again. Strobing is inherent in the slower capture rate. You
can’t avoid it; all you can do is intelligently manage your circumstances
(and heed the wisdom of 100 years of cinematographer experience!) to
control the strobing.

Recommended F-Stop Range

An oft-repeated factor in lens design is that lenses typically perform at
their sharpest in a certain f-stop range, usually a range from about two
stops down from wide-open to two stops up from fully-closed. Still-camera
lenses usually begin to lose some sharpness at their widest-open and most-
closed apertures. A further issue that confounds small-pixel cameras is the
issue of diffraction: the propensity of light to scatter when forced through
a too-small aperture, which makes it appear like the image is out of focus -
an issue that especially affects ultra-high-definition cameras.

I tested the lens for diffraction and to find the f-stop range where the lens
is sharpest.

In Full HD (1080p or less), diffraction is really a non-issue. The camera

maintains full 1080 resolution across the entire f-stop range, from £/2.8
to £/16.

In Ultra-HD (2160P) and 4K, diffraction can substantially affect the
sharpness of the images, when the lens is stopped down too far. This is not
a design fault of the camera, it’s the laws of physics in play — tiny pixels +
tiny apertures = diffraction. The practical result of this is: keep your iris in
single digits. If you want the sharpest images, keep the iris between OPEN
and £/8.0. Use the neutral density filters outdoors! Don’t get caught up in
the notion that a smaller f-stop should yield deeper depth of field, because
that may lead you to think that /16 would give the sharpest images, and
£/16 will instead result in quite soft images!

As a practical matter, f/8 is as far down as you should ever stop down the
DVX200’s lens, when shooting UHD or 4K footage. F/9.0 may be actually
okay, as the resolution loss due to diffraction is minor at £/9.0, but once
you get into double digits (f/10 to f/16) the resolution loss becomes more
and more noticeable. Avoid f/16 at all costs, and try to stay above f/9 when
shooting 2160P footage. Again, for 1080 or 720 HD, you can use the full
range if the iris without concern for diffraction.
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Benefits Of Shooting In 4K or UHD
Originating footage in 4K/UHD

brings a host of benefits to the e ‘5
video shooter, not the least 1080PHD i 1080P HD
of which is that your source )

footage is literally four times

sharper and more detailed 1080P HD 108QRHD

than 1080p HD footage would
have been, or nine times more

detailed than 720p HD footage.
It’s really rather remarkable; you

would need to set up nine 720p
HD cameras, each pointing at
different sections of the scene,
to capture as much image detail
as a single 4K camera could!

720 D208 | Z80F HD

720 HD 720PHDRIZO0P HD

720PHD 720PHD | 720RHD

All that additional detail can be
used in many different ways and

provides many potential ben-

efits to the video shooter. First and foremost, shooting in 4K (or Ultra
HD / UHD) means that your footage can be displayed on larger displays
or projected on larger screens without losing detail. For movie screens,
digital signage, large-screen 4K televisions, or other environments
where the largest displays will be used, 4K origination means the sharp-
est images for those displays.

But what if you’re not delivering your footage in 4K (or UHD)? What if
you’re producing footage that’s intended to be broadcast in HDTV (in
1080 or even 720 resolution) — or, perhaps, even in standard defini-
tion? What if you're delivering content for web streaming in HD (or
lower) resolution? Are there still benefits from, and reasons for, shoot-
ing 4K/UHD in the first place? Most definitely!

Shooting 4K/UHD for 1080 (or 720) HD Delivery

When your final delivered footage is going to be mastered in 1080p,
1080i, or 720p, there are still substantial and significant benefits that
can be derived from shooting your source footage in 4K/UHD. Some of
these may or may not apply to your particular scenarios, but it’s still
interesting to explore the implications of all of them.
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Future Proofing: How many times have you seen a good, vintage
television series, and bemoaned that it looks lousy on your HDTV
because it was shot and mastered in 4:3 standard-definition televi-
sion? Many older television series were shot on standard-definition
video cameras, but some were shot on film. Those film-shot series are
sometimes “remastered” into high-definition versions — and they look
so much better! When the series were produced, standard-definition
television broadcast (and perhaps VHS video or maybe, at best, DVD)
were the anticipated delivery mediums, so mastering the series and dis-
tributing in standard-def were practical decisions at the time. But with
the advent of HDTV and Blu-ray discs and HD streaming, it opened new
markets for remastered high-definition versions — which created new
opportunities and new revenue streams for those producers. Unfor-
tunately for those who shot their projects on standard-definition TV
cameras, there is no higher-definition master footage to go back to. Ac-
cordingly, while you may not necessarily see a need or even an opportu-
nity to deliver a 4K or UHD version of your projects, wouldn’t it be nice
to have the higher-resolution master copies of the footage to go back to
in case such an opportunity were to arise?

Sharper HD Footage: When you have a much larger source image
to work from, shrinking it down to HD size can make for the sharpest,
clearest HD images possible. A super-sampled ultra-high-definition
image, when resized down to HD frame sizes, can result in images that
hold as much detail as the HD frame size is capable of retaining. This
means that you will get sharper HD images from scaled-down 4K or
UHD footage, by resizing the images in post, than you would get from
shooting in HD in the first place.

Reduced Noise: Another benefit to downconverting 4K/UHD foot-
age to HD in post production is that you'll see a significant reduction

in visible noise in the image. When converting UHD/4K footage down
into 1080p footage, each 2x2 group of UHD pixels are used to create a
single pixel in HD. Combining the 2x2 group of UHD pixels can result in
“averaging” the noise from each pixel together, resulting in smoothing
out the noise and greatly reducing its visibility.

Increased Color Resolution and Bit Depth: One excellent
benefit of downconverting UHD/4K footage to 1080 HD in post is that

you can realize an increase in proportional color resolution and a no-
table increase in bit depth. The AG-DVX200 records 4K or UHD footage
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at 8 bits per pixel and utilizes 4:2:0 color sampling. After downconver-
sion, the resulting footage has 10 bits per pixel and 4:4:4 color sam-
pling! Yes, you can convert 3840x2160 8-bit 4:2:0 recorded footage into
1920x1080 10-bit 4:4:4 footage in post.

To understand the color sampling advantage, you'd have to first un-
derstand that the camera records its footage in 4:2:0 color sampling.
That means (simply put) that there is one color sample for every 2x2
block of pixels. In any given 2x2 block of pixels there are four different
“brightness” samples, but they all share one “color” sample. Effectively,
within the 3840 x 2160 frame, there is a 1920 x 1080 matrix of color
samples, one for every 2x2 block of pixels. During the downconversion
to HD, each block of 2x2 brightness samples are converted into one HD
pixel, creating a 1920 x 1080 matrix of brightness pixels. This 1920 x
1080 “brightness” (luminance) matrix can be effectively married to the
originally-recorded 1920 x 1080 “color” matrix, resulting in one indi-
vidual and unique color sample for each and every brightness pixel. The
result is effectively 4:4:4 color sampling at high-definition resolution.

In terms of pixel depth, the original recorded footage is quantized and
recorded at an 8-bit depth, providing for up to 256 shades per pixel.
Other formats, like Panasonic’s own AVC-Intra, quantizes and records
at a 10-bit depth, for up to 1,024 shades per pixel. Having deeper bit
depth provides the ability for finer shading and more subtle transitions,
especially apparent on smooth gradients (such as in a clear blue sky).
Generally 8-bit cameras perform fine for most images, but extensive
image manipulation in post can reveal the limitations of 8-bit encod-
ing and cause “banding” and “stair-stepping” from one shade to the
next. 10-bit footage minimizes those effects because there are up to
four shades for every one shade in 8-bit footage. When downconvert-
ing UHD/4K footage to 1080p HD, you also get the benefit of convert-
ing 8-bit pixel depth into 10-bit pixel depth! Since each 2x2 block of
UHD/4K pixels will be summed together to create a single 1x1 pixel in
1080p HD, the individual pixel values and gradations from the source
footage can be retained in the downconverted footage.

Imagine a smooth gradient of medium
gray, gradually getting brighter from
left to right. In 8-bit pixel data, a me-
dium gray might be represented by a
pixel value of 128, and the next brighter
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shade might be 129. In 10-bit pixel data, that same medium gray (128)
would be represented by a pixel value of 512 (128 x 4) and that brighter
shade (129) would be represented in 10-bit by a value of 516 (129 x 4).
The obvious difference here is that an 8-bit camera can’t represent any
difference between 128 and 129, but the 10-bit camera (looking at the
exact same gradient) could represent a smoother transition between
512, to 513, 514, 515, and then finally 516. Having 10 bits of data pro-
vides for the ability to retain and discern between finer shades of gray
(or coloy).

So what happens when we downconvert our 8-bit UHD footage to 10-
bit 1080p HD footage? As each 2x2 block of pixels is summed together,
to create each in-
UHD: 10 x 2 grid of 8-bit pixels dividual HD pixel,
128[128]128[128]128[129]129[128]129[129] | those subtle differ-

128|128 128|129 129(128 129|129 129|129 ences in shade are
retained, and we

X

|512| |513| |514| |515| |516| end up being able
to represent shades
that the 8-bit foot-
age couldn’t have.

FHD: 5 x 1 grid of 10-bit pixels

To reap the full benefit of converting 8-bit UHD to 10-bit FHD, you’ll
need to use a downconversion technique that employs bilinear or
bicubic conversion; a simple “nearest neighbor” or pixel decimation
(discarding every other pixel) won’t result in improved gradient per-
formance. Bicubic or bilinear conversion will significantly improve the
downconversion process and deliver much higher quality end results.

Extended Zoom Range (in post): The DVX200 has a 13x opti-
cal zoom, providing for the 35mm photography camera equivalent of
364mm of telephoto reach — but sometimes, you just need more. If
you're delivering in 1080 HD, you can crop in post into the central 1/4
of the UHD frame and use that crop as your full 1920 x 1080 frame,
effectively “zooming” in post for a total magnification equivalent to
728mm. If your final delivery is going to be 720p footage, you can
zoom in post even further, to the central 1/9th of the screen, while still
retaining full resolved detail; that would mean a total “effective” zoom
equivalent of 1,092 mm.

Full optical Post crop of
zoom center of image,
for 2x “post zoom”
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Reframing and Post-Production Camera Moves: Sometimes
when you frame up a shot, you think you’ve got it perfect, only to get

to the editing suite and realize that there’s a microphone in the shot, or
something ugly in the background, or perhaps your composition wasn’t
quite level, or maybe you really wish that you'd zoomed in just a little
tighter. When you're shooting in 4K/UHD and finishing in HD, you’ve
got quite a bit of flexibility in resizing, trimming, cropping, rotating, or
otherwise adjusting your footage in post. In fact, you can even turn a
locked-down stationary tripod shot into a simulated pan, tilt, or even
zoom, by cropping into the UHD frame and then moving that cropped
portion across the UHD frame during the shot. You can also turn a wide
shot into a close-up, perhaps giving you more editing flexibility in post.

Shot Stabilization: The DVX200 has excellent image stabilization
capabilities, including the 5-axis Hybrid Optical Image Stabilization
when shooting in HD. When in 4K or UHD, it doesn’t get the benefit of
the Hybrid OIS, it uses standard optical image stabilization, which —
while good on its own, may not be sufficient for more extreme shooting
scenarios. Maybe you decide you need more stable footage than you
were able to get when using the camera handheld (or on a boat, or from
a car window, or wherever you were shooting from). Most modern non-
linear editing programs include excellent image stabilization capabili-
ties, but taking advantage of these programs usually means cropping off
a notable chunk of your footage (to give the stabilizing software “room
to work.”) The more unstable your footage is, the more that would need
to be cropped off; the remaining footage then gets magnified to fill the
full frame, and that normally might lead to soft, low-res-looking foot-
age. The nice thing about originating your footage in 4K or UHD is that
youll start with so much resolution in the image, that you could devote
a large percentage to the post-production image stabilizing software
and still retain plenty of resolution for the resulting stabilized image.
Knowing this beforehand, and knowing that you may need to stabilize
the footage in post, you would be best served to consciously shoot your
footage at a wider angle than you might otherwise have done, with the
express intent of allowing that wider field of view to be cropped off as
the “buffer zone” that the image stabilizing software will need. The re-
sulting footage can be substantially stabilized in post, while still retain-
ing plenty of resolution to be suitable for use in your Full HD project.
Used judiciously, this could even mean that you could occasionally leave
your tripod at home and work lighter, while still being able to deliver
tripod-stable shots in post.
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To see examples of some of the techniques described in this article,
I recommend this excellent video produced by Park Camera in the
United Kingdom.

The advantages of shooting in UHD/4K are numerous, even if your final
project is destined for only an HD or even standard-definition finish
and delivery. The DVX200 is flexible enough to provide for the ability to
record in standard definition, high definition, and ultra high definition
(and also 4K). Whenever possible and practical, I recommend shooting
in UHD (or 4K) for the flexibility, future-proofing, and post-production
advantages that UHD/4K acquisition provides. You may or may not
need it, but if you ever do need to do some of the tasks outlined in this
article, you'll be very glad you had that high-resolution source footage
to work from.

There do remain some advantages to shooting in HD instead of 4K/UHD,
and those will be covered in the Which Mode To Shoot I article.

SDHC and SDXC Card Best Practices

Recording video on an SD card will be new to many users, so it seemed like
a good idea to put together a “Best Practices” guide to help new users avoid
common mistakes.

1. Always format the memory card in the camera.

This is a vital first step. Even though the memory card comes pre-formatted
when you buy it, it’s still advisable to format it in the camera. Reports of
glitches in the footage seem to be greatly reduced when cards are formatted
in the camera instead of by a computer. Never format the card in a computer
using your operating system’s “format” command. If you must format a
card in a computer, only use the SD Card Formatter software program (a
free download on Panasonic’s website). It is especially important to format
the cards properly depending on what kind of card they are; SD and SDHC
cards should be formatted as FAT32, but SDXC cards need to be formatted
as exFAT. The camera will always do this properly, so it’s best to format the
cards in the camera.

2. Never pull the card out when it’s being accessed.

This is a big one; if a card is being written to, or read from, and you eject that
card, it has the potential to not only ruin the current clip, but perhaps to
glitch the entire card! Always make sure a card is not being accessed before
you pull it out of any device. This is one reason for the presence of the card
door - closing that door will remind you to double-check that recording has


https://www.youtube.com/watch?v=YT3cb-DyVMo
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stopped. However, do be aware that the camera has hot-swap capability;
you can leave the door open and eject a memory card that’s not currently
being accessed. This gives you the ability to perform an endless
, where you can continually swap in new cards and record perpetually.
The danger in this scenario is, of course, ejecting the card that’s being
currently written to. Always double-check yourself and look for the access
lights to make sure you only eject that dormant card, and never the card
that’s currently being written to.

And when removing a card from a computer, be sure to eject the card
through your desktop (on Mac, “Eject” or drag its icon to the trash, on
Windows, use the green-arrow “Safely Remove Hardware” utility.)

3. Carry the cards in some sort of protective case.

SDXC and SDHC cards should be carried in a protective plastic case, or in a
dedicated card holder. You really don’t want to have cards roaming around
loose in your pockets or at the bottom of your camera bag, where they can
be crushed, be subjected to static electricity, be spilled on, or forgotten in
your clothes and subsequently washed! Always put a card in a case when
youre not using it.

4. Always write-protect the cards the instant they come out of the camera.
This has been a backbone of my tapeless workflow for years — the instant
the card comes out of the camera, write-protect it. This does several things
for you:

A. It prevents your valuable footage from being overwritten.
B.Italerts you that this particular card hasn’t been offloaded to a computer yet.
C. It prevents you from getting that card mixed up and formatting it(!)

My standard workflow is to write-protect the card, and leave it write-
protected until I've successfully offloaded the footage onto a computer (at
least once, and maybe to two separate drives). Once I know the footage
is safe, the write-protection tab gets moved to the “unprotect” position.
Things can get confusing quickly in a production environment, but with
this procedure I always know that my footage is safe from being lost or
overwritten. Get in the habit of immediately write-protecting your cards
and you’ll save yourself from some grief.

5. Use the very best cards you can afford.
This one almost goes without saying, but — I'm going to say it. There are
cheap cards out there, and some of them are junk, and some of them are
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even counterfeit! Not all SDHC/SDXC cards are the same! Some employ
technologies for protecting your footage from write errors, from power
failures, from wearing out — and the cheaper ones don't. If you're buying
no-name cards from third-world countries off internet auction sites, don’t
be surprised if they don’t perform as well as a top-of-the-line Panasonic
Gold or Lexar Professional or SanDisk Extreme card. In fact, don’t be
surprised if it’s a fake/counterfeit/knockoff! There are plenty of examples
on the internet of people who received fake cards; unscrupulous sellers
have printed their own labels and stuck them over low-quality cards to
deceive unwary buyers into thinking they've received a higher-quality,
more-expensive card than they actually have.

It’s not a matter of footage quality, it’s a matter of data integrity. If a card
works, it’ll record the footage the same as any other card will. But a cheap
card might not have as much reliability, it might have “bad sectors” or it
might fail unexpectedly. While anything’s possible, it’s reasonable and
practical to expect that a better-quality card will perform more reliably,
and in my experience that has held to be the case. They say “you get what
you pay for,” and going with super-cheap cards may bring nasty surprises
when it comes to reliability. Always get the best media you possibly can.
And always buy your memory cards from the manufacturer’s authorized
resellers. You might pay an extra $10 per card, but if it helps you avoid a
reshoot, it’s extremely cheap insurance!

6. Test your memory cards first.

You can use the Panasonic “SD Card Formatter” software to format a
memory card before its first use. The SD Card Formatter program will
format a card in the same way that the camera does, but it can also be used
to do a bit of error checking on the card, by choosing to do a “Full” format,
and choosing the “flash erase” option. You might also consider running a
program such as Flash Memory Toolkit, which will scan a card for errors.
You don’t want to run an error checker too many times, since all flash
memory has a limited lifespan, but doing it once when you first buy the
card may be a wise precaution.

Rolling Shutter MOS Sensors

The DVX200 uses an MOS sensor, and like virtually all MOS and CMOS
camcorders on the market, it uses what is known as a “rolling shutter.” This
is a subject you should be aware of, because rolling-shutter chips perform
differently in several ways from the CCD chips of older video cameras.

First, what is meant by “rolling shutter”? Fundamentally were talking
about a difference in the way the camera exposes. On a CCD camera (or on


http://av.jpn.support.panasonic.com/support/global/cs/sd/download/
http://www.flashmemorytoolkit.com/
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a camera with a global shutter), the entire chip is exposed simultaneously,
top to bottom, all at once. Across the entire frame, it goes from black to fully
exposed,  simultaneously.
Click the video to the left for
an example.

On a rolling shutter camera,
that doesn’t happen -
instead, exposure happens
incrementally from top
to bottom. As a simplified
Video simulation of global shutter explanation, a rolling shutter
camera will expose the very
top line first, and then the
next line, and then the next
line, and on and on, until
the entire frame has been
exposed. Click the video to
the left for an example.

This differs significantly
Video simulation of rolling shutter from the “global" approach of

the CCD, and it can result in
some image artifacts or differences in the way the camera renders images,
that you need to be aware of.

For purposes of this discussion, we're going to talk about three main image
artifacts: Skew, Wobble, and Partial Exposure.

Skew

Perhaps the best-known and most-talked-about rolling shutter artifact
is known as “skew.” This refers to the tendency of objects to lean or tilt
(or, well, “skew”) when the camera pans past them. Take a rolling shutter
camera, put it on full telephoto, point it at a picket fence, and rapidly pan it
back and forth, and you'll see that the vertical lines start leaning depending
on which way the camera is panning, and as you reverse direction they
actually start to look “rubbery.”

It’s pretty easy to understand why this happens - again, in the prior section,
we talked about how the rolling shutter works, and how it “rolls” through the
frame. Well, think about panning past a tree: when you start the pan, and
the first line is starting to be exposed, the tree might be on the left side of the
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frame. As you continue to pan, the tree is moving across the frame, but the
shutter is still rolling down the screen - so as it exposes each new line, the
tree has moved some. As the camera frame moves across the tree, the tree may
be in a different position as each line is exposed as the shutter rolls down the
frame. The resulting frame is a diagonally skewed image.

Moving Image Rolling Shutter Scan Skew in Final Frame

SEEMNEE =

Click the video above for a simulation of a rolling shutter

Frankly, that’s going to happen on any image that you pan quickly past,
not just vertical poles or trees or fence posts. It will happen with buildings
or flagpoles or cars or signs or... well, anything, really, because that’s how
a rolling shutter works. And it’s not just limited to panning the camera, it
happens with any image motion across the sensor, whether youre moving
the camera, or the image is moving relative to the camera (as in, speeding
cars going by; you'llnotice that the cars maybeleaning, especially noticeable
on big square vehicles like train cars or moving trucks.)

There are many ways to work with this, but let’s get one thing out of the
way first — changing the shutter speed will not help. The shutter speed
controls how long each row gets exposed for, but it does not cause the
scanning to happen any faster. The only difference the shutter speed will
make is in how much blur happens in your shot, but the exact same amount
of skewing will still exist.

The frame rate, however, does have a lot to do with it. The faster the frame
rate, the faster the shutter will roll down the frame, and the less “skew” you
will see.

Another major contributor to skew is the amount of relative motion. The
faster youre panning, or the faster the object is moving, the more skewed it
will appear. But you can change the amount of relative motion by zooming
out, for example. The further you're zoomed out, the longer it will take for
an object to cross the frame, and the longer it takes, the less skewed it will
be. Skew is at its strongest at telephoto focal lengths, and it’s at its mildest
at full wide angle.




N
ul

sopIIY

Furthermore, skew is significantly more noticeable in some UHD/4K
modes than it is in 1080p. Skew is more noticeable in 4K/24.00, and
UHD 24/25/30p; it is minimized in UHD/50P and UHD/60P, and in the
“FastScan” versions of 4K/24 and UHD 24/25/30p. It is also minimal in all
1080, 720, and standard-def modes.

So how do you control it?

1. Whenever possible use the fastest frame rate you can. UHD/60P and
50P have notably less skew than normal UHD 23.98/25/29.97P or 4K/24P.
The faster the frame rate, the less skew you'll see.

2. Use 1080 or “FastScan” to avoid skew. The FastScan modes, and
FHD/1080 (and 720 and standard-def) all exhibit much less skew than the
normal UHD 23.98/25/29.97 do.

3. Zoom out. Telephoto = more skew, wide-angle = less skew.

4. Control the relative motion. That means either slow down your pans,
or slow down the object you're tracking. One way to slow down an object
you're tracking is to pan with it as it goes across; the more time the object
spends on the screen, the less relative motion it’s exhibiting, and the less
relative motion, the less skew. Remember, it’s not about the actual ultimate
speed, it’s about how fast the object moves across the camera’s sensor.

As far as slowing down your pans, be sure to read the article on
to see why you should probably be slowing your pans down anyway. If you
time your pans in accordance with the guidelines for avoiding strobing,
you’ll find that the skewing has been overcome too.

Wobble

The second major image artifact to discuss is “wobble.” Wobble gives a
rubbery, gelatin-ish, bouncy/stretchy texture to the footage. Wobble
happens primarily in cases of vibration, where the camera is being
constantly moved up and down or side to side very rapidly. Wobble is
really an extension of Skew, and happens for the same reason. If you put
the camera in 24p or 25p mode and zoom in to full telephoto and wave
the camera back and forth, you'll see vertical lines get kind of “wobbly”;
the same thing will happen with vibration. Another example would be if
you had the camera mounted on a tripod, and somebody bumped into the
tripod — during that bump, you're going to see the image get “wobbly.”

How can you deal with wobble?
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1. Use the Optical Image Stabilizer. It can’t overcome all instances, but the
OIS is really rather good at dealing with minor, momentary wobble. And
the OIS is programmable, so you can tune it to be more sensitive to high-
frequency vibration where it may help avoid wobble. It’s not a fix-all, but
the OIS can certainly help minimize some instances of wobble. Of course,
there are reasons to avoid using OIS when on a tripod, too, so you'll have to
make a judgement call as to when OIS on a tripod is an appropriate choice.

2. The ultimate cure here is to avoid those scenarios! If youre going to be
mounting the camera to a highly vibrationary surface (such as an ultralight
airplane or a helicopter or dirt bike) you can expect wobbly footage. You
have to minimize or eliminate the vibration whenever possible. The
camera’s internal optical stabilizer actually does help to overcome a lot of
high-frequency vibration, and a vibration-absorbing mounting (such as
a CineKinetic CineSaddle™) can help absorb the vibrations and eliminate
or at least minimize the rubbery effect. Regardless of how you choose
to approach it, recognize that if the camera is put in a vibration-prone
environment or is used in a herky-jerky handheld style, youre going to see
wobbling, and the only real way to prevent it is to prevent the wobbles from
reaching the camera in the first place.

Partial Exposure

This artifact is also known as “flash banding.” This is perhaps the most
prevalent of the rolling shutter effects. What happens is that when a flash
goes off, only part of the flash is recorded.

Again, think back on how that rolling shutter
rolls through the frame; as it rolls from top
to bottom, it exposes the frame onto its
sensor. If the image is uniformly lit, you'll
get a uniform image, such as the one on the
left. However, what if a flash was happening
in the frame when the rolling shutter starts
exposing, and then halfway down the frame
the flash stops? It'll record the bottom half
of the frame without the flash, but the top
half has already been recorded when the
flash was happening! The result is you'll see
a frame where only part of the frame is lit up
by the flash, and the lower half is darker.


http://www.cinekinetic.com/
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The DVX200 has a way to prevent or minimize flash banding. You can assign
(Flash Band Compensation) to one of your user buttons, and
use it when in a scenario where flashes are likely. There are some restrictions
on its use (you can’t use it with VER, or in 24p/25p/30p modes, or when
using Digital Zoom); this usually isn’t that much of a problem because
flashes are most likely to happen at a press conference or other ENG/news-
style event, and in those scenarios you're probably going to be wanting the
“live” look of 60p/60i or 50p/50i anyway. If youre encountering flashes
during film-style shooting at 24p/25p, however, there’s not really anything
you can do to minimize it as far as camera settings go.

Flash bands are most apparent when there’s a big difference in brightness
between the lit and unlit portions (which seems obvious, of course) and
so you can minimize the appearance and distraction of the flash bands
by lighting up your scenes more. A stronger on-camera light can greatly
minimize the distracting nature of the flash bands by minimizing the
difference between the flash- and non-flash portions of the screen.

Perhaps the only way to fully address the flash bandingis in post; overlaying
a white frame or blending portions of the frame together can minimize
the effect of flash banding or partial exposure. In general, the advice is
to be aware that all rolling-shutter cameras exhibit this artifact, and if
you are planning on shooting a red-carpet Hollywood premiere or a press
conference or some other event where there are likely to be many flashes
going off, you can expect that you’ll have flash banding in your footage.
If you're shooting 60P/60i or 50P/50i, you can minimize or eliminate the
flash banding by using the Flash Band Compensation.

Another effect you need to watch out for is scrolling bars in your image,
which are mainly caused by changing the shutter speed when shooting
under fluorescent, sodium vapor, mercury vapor, or HMI lighting.
The rolling shutter will cause brightening/darkening bands to appear
(similar to when you shoot a computer monitor or television at an “off”
shutter speed.) The way to minimize thisis to always use a shutter speed that
matches your country’s power frequency (in the USA or NTSC territories,
that means use 1/60th; in Europe or PAL territories, use 1/50th). There are
some other shutter speeds that may prove safe in these scenarios, such as
1/25th in PAL territories, or 1/24, 1/30, or 1/40 in NTSC territories, but
those are only available if you're shooting in a slower frame rate anyway.
In general it’s easiest to remember that in NTSC territories, the way to
best avoid any bars/bands in the footage is to stick to 1/60th, and in PAL
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territories, stick to
1/50th. Now, the
DVX200 can
automatically adjust
its shutter speed, so
you have to monitor
that and ensure that
it is in strictly manual
shutter speed.
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Video of “partial exposure” bands
How do you know if

your fluorescent/HMI lights are likely going to cause a problem? Sometimes
the scrolling bands are not very apparent on slow shutter speeds (such as
when shooting 24P at 1/50), but they will become glaringly apparent if you
use a short shutter speed. One easy way to test for the problem is to set
the shutter speed to something very fast, such as 1/250 or 1/500. If you
don’t see black bars or scrolling orange bars at those short shutter speeds,
you're very unlikely to see them at more normal shutter speeds. But if the
black bars do show up, you know that youre shooting under potentially
problematical lighting. The safest course of action is to replace that lighting
with your own, but if you can’t re-light the scene, keep a close eye on your
shutter speed and manipulate it to minimize the prospect of scrolling bars
in your footage.

Note that with some LED panels, their dimmers can cause rolling bands
too — and you can't eliminate that banding with the shutter speed! Some
LED panels dim their lights by actually cycling the light off and on briefly,
and the rates at which they do this are not easily trackable by adjusting the
shutter speed. You really have to be careful when working with dimmed
LED lights, and try to keep them at full brightness to avoid the rolling band
syndrome.

An Introduction to the Waveform Monitor

and Vectorscope

The best tools for calibrating the color accuracy and exposure accuracy of
your video signal are the WaveForm Monitor (WFM) and the VectorScope
(VS). These tools have been a staple of professional video production for
many years, and they provide a way to evaluate the actual video signal.
Buying a standalone waveform monitor is an expensive proposition, but the
DVX200 actually offers a free, built-in waveform monitor and vectorscope!
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An exhaustive look at all the possibilities afforded you by a waveform
monitor and a vectorscope is far beyond the scope of this article. This
section will introduce you to these tools and show you basic fundamental
operations, which should allow you to evaluate and monitor your video
signal more accurately than you may have experienced before.

The waveform monitor (“WFM?”) is the most useful tool for judging your
video’s exposure levels. The waveform monitor can tell you at a glance
whether your footage is overexposed, underexposed, clipped, and — if any
of those conditions are true, the waveform monitor will also tell you where
your footage is overexposed, underexposed, or clipped. The waveform
monitor is like having the ultimate light meter available to you, but it’s
infinitely more informative and precise than a light meter, because the
waveform monitor takes into account all the signal processing the camera
does - the gamma curves, the master pedestal, the effect of the knee, all
of these effects can be discerned from looking at the waveform monitor,
and none of these things could be known by just using a light meter.
Light meters work great for lighting film, but when working with video a
waveform monitor is a far more useful tool to have on hand.

In simple terms, a waveform monitor is essentially a graph of your video
signal. It draws a mathematical representation of the brightness of the
image, from left to right, and it plots its pixels according to the brightness
of the image: the brighter the source image, the higher up on the scale it
will plot the pixels.

Here’s an example of a waveform
monitor screen. Vertically you
can see that there are certain
denominators at predetermined
reference points (0, 20, 40, 60,
80, and 100 IRE; on the camera’s
waveform monitor the solid lines
are at zero, 50, and 100, with
dotted/dashed lines at the other
reference points). You can think of
these numbers as basically telling you the overall percentage of brightness;
a dark gray object might illuminate around the 10 to 20 IRE mark, and a
bright white light might stretch all the way up to or even past the 100 IRE
mark (up to as much as 110 IRE). The brighter the signal, the higher up the
chart it will mark. In this example you can see an extremely underexposed
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image; the plot of image brightness is almost entirely down at the 0 to 10
IRE level (but there’s a small spike about 15% of the way across the screen,
in our video image there was something a bit brighter there.) If your
waveform monitor looked like this, you'd get terrible video quality: the
image would be underexposed, muddy, and probably very grainy and noisy.

Ideally, for most real world scenes, you want a rich saturated image with
brightness distributed across the full scale, which shows that you're taking
advantage of the maximum dynamic range the camera affords. Look at this
next image for an example of a fully saturated, brightly exposed scene.

In a moment I'll show you how to
read the waveform monitor and
fine-tune the image in order to
get the best overall exposure; this
example is just to show you more
of what you should be aiming for
in terms of a rich, saturated, full
signal.

As said before, the waveform samples the brightness (luminance) of the
picture and plots a graph of the image on its screen. Horizontally, the
waveform monitor plots out the image just like on your video screen; if a
very bright object was located in the center of your monitor, you should see
abright spike in the center of the waveform display. The next pictures show
what a waveform monitor looks like when shooting a chart full of gray bars.

The brighter bars
are represented on
the left side, and
the darker bars
are on the right.
The waveform
monitor looks at
the brightness of the image as it scans horizontally and it plots the relative
brightness vertically, so white is the highest point and black is the lowest
point, and the shades of gray are distributed in-between.

These waveform plots show clean lines where each bar appears on the
screen. That’s because the waveform will plot the entire vertical height of
each vertical line of the display, and it will plot pixels on top of each other
- so, the more pixels that appear at a certain brightness level, the brighter
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that section of the waveform monitor will be plotted. In our example there’s
only one level of brightness in each gray bar, so the waveform monitor plots
athin cleanline. If youlooked at a waveform display of a perfectly flat white
sheet of paper, you'd see a razor thin line running across the waveform
monitor’s display. That’s because, with no variation in brightness, there’s
no variation of where the pixels get plotted, so they all get plotted on top
of each other, making that section of the waveform display brighter and
brighter. If, on the other hand, we were to feed the waveform monitor a
signal that had wildly varying brightness in each vertical column, you'd see
a large swath of pixels plotted on the waveform display.

This is a very valuable aspect to a waveform monitor because you can use
this to evaluate the relative brightness of your scene, especially when
shooting something like a greenscreen. If your greenscreen lighting is
perfectly flat and even, you should see a tiny thin line plotted across the
waveform monitor’s display. The thicker the waveform’s plot, the more
variation there is in your lighting (which will make it more difficult to pull
the best-quality key from your footage). Also, if the line is not perfectly flat,
but it dips in the corners or has peaks and valleys across the screen, that is
telling you that your lighting is uneven; wherever the waveform monitor
dips, that’s showing you have a darker spot, and wherever there are peaks
or hills on the display, that’s telling you that there are hotspots on your
greenscreen. The waveform monitor is the best tool for helping you light a
perfectly flat, perfectly even greenscreen.

Here are  three
examples of lighting
a greenscreen using
a waveform monitor.
In the first example
the screen is evenly and flatly lit, so the waveform shows a tight thin
horizontal line of brightness. In the second example the screen is unevenly
lit, so the line on the waveform is much thicker. In the third example there’s
a brighter spot on the screen about 1/3 of the way across.

Besides telling you evenness of lighting and overall exposure levels, the
waveform monitor tells you what sections of your footage might be
overexposed or underexposed. If you see a big clump of bright plots down
at the bottom of the waveform, you know that your exposure level is really
low in that section. Conversely, if you see a flat line clipping off the top of
the waveform, that alerts you that portions of your video signal are “too
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hot” and are, in fact, clipping (losing all detail and becoming a big blob of
overexposed white). Keep an eye on your video signal and watch for those
clipping hot spots, and either lower the light level on those hotspots, or stop
your iris down some to keep them from blowing out. Blown out highlights
on video are ugly, ugly, ugly, and are best avoided. And if youre seeing
sections of your video that are grossly underexposed, either iris up or shine
some light onto that portion of the scene to prevent you from getting stuck
with noisy, muddy, underexposed video.

The above examples are of a gray 10-step chart; notice how the gray bars
form an “X” on the waveform. The first example is properly exposed. The
second example is quite underexposed, look at all the wasted range at the
top end of the waveform. And the third example is very overexposed, look
at how the white bars are actually clipping off the top of the waveform.

The great thing about a waveform monitor is that it tells you absolutely
what your video signal is doing. You don’t have to try to trust your eyes to
a perhaps - miscalibrated monitor, or strain to see where the zebras may or
may not be hitting, or (worst of all) just guess. Instead, at a glance, you can
see whether you're getting a full and proper exposure and whether your
image is clipping or crushed.

In this example, you can
see that the greenscreen
is evenly and flatly lit
at about 57 IRE (as
shown by the thin line
running throughout),
the wooden car is darker on the left, and the monster is both dark and light
on the right (and its white teeth are coming close to clipping off the top
of the waveform). Diligent use of the waveform monitor will be your best
method for ensuring strong, richly exposed video.

Whereas a Waveform Monitor (and especially the waveform monitor
in these cameras) is designed to monitor brightness, the Vectorscope is
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a tool to help you judge the accuracy of color rendition and the level of
color saturation in your image. When used with proper test charts the
Vectorscope can give you an overview of your camera’s color rendition at a
glance, and you can also see exactly what the menu setting changes do to
the way the camera manipulates the color of the images.

The vectorscope plots colors along certain vectors. The graphical overlay (or
“graticule”) of a vectorscope will always have some boxes to indicate where
the pure color vectors should be lining up, and frequently a vectorscope’s
graticule will include some circular or gradated marks to show the
percentage of saturation (in terms of IRE) of the color signal. The camera’s
vectorscope only shows the color boxes, so we'll focus on that aspect of the
vectorscope.

The vectorscope features six boxes, representing (clockwise from the top,
starting at about 11:00) red, magenta, blue, cyan, green, and yellow. The
vectorscope analyzes the video frame and plots dots on the display according
to how many pixels it finds in each particular group (or, obviously, between
groups for mixed shades). When shooting a black and white picture, ideally
you should see a tight bunching of pixels at the center of the vectorscope.
When shooting an object of a pure color (such as a greenscreen), you should
see all the plotted dots bunched tightly in one place, ideally towards the
green box. The plotted dots will be closer to the center or closer to (or even
beyond) the color box, depending on how saturated the color is. These next
three examples are of: 1) a black and white picture, 2) a very low-saturated
greenscreen, and 3) a highly saturated greenscreen.

In these examples, the
only color involved
was green, so you only
see pixels plotted on
the screen either at
the center (the black
and white picture, no color present), or slightly towards the green box (a
greenscreen picture with low color saturation), or a lot of plotted pixels
closer to the green box (a highly saturated greenscreen). It’s uncommon to
see such simple vectorscope plots; most scenes have a lot of color in them
and so the plot will be “busier.”
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Here’s an example of a red and yellow
ball against a green screen. There’s a
good deal of color purity here with
intense plots at the red, yellow, and
green boxes.

In real-world monitoring, you're not likely to use the vectorscope nearly
as much as you will the waveform monitor. The vectorscope is a more
useful tool for setting up and evaluating camera performance, whereas
a waveform monitor can (and ideally should) be used on every shot to
evaluate exposure and lighting. However, a vectorscope can be useful to
solve lighting problems because, like the waveform monitor, it reports
exactly what’s happening in the video signal — rather than trusting your
eyes to a perhaps - miscalibrated production monitor. In the following
example the white balance is grossly off; we white-balanced for tungsten
light but the actual light was daylight, so the image is too blue. The effect
of this is clearly observable at a glance in the vectorscope, as the plot is
bleeding towards the blue vector instead of being a tightly-controlled pack
of pixels as in the second example.
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A vectorscope may be most useful with test charts, to see how the color
is being rendered by the camera under controlled conditions. Here is an
example of a DSC Labs CamBook  color chart, and the vectorscope display.
This is a 12-color
chart so you'll see
heavy plots in the six
main boxes for the six
specified colors (red,
magenta, blue, cyan,
green, and yellow) as
well as heavy plots
in-between those colors. The goal, for accurate color representation, is to
adjust the lighting and the camera settings until the primary six colors align
as best as possible with the color boxes on the vectorscope’s graticule, and the
intermediate col